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AN  OVERVIEW  OF  HUMAN  FACTORS  IN  AIRCRAFT  ACCIDENTS  AND 
INVESTIGATIVE  TECHNIQUES 
by 

J  BO.Hartman 

^Senior  Scientiit,  USAF  School  of  Aerospace  Medicine 
Brooks  AFB,  Texas  78235,  USA 

BACKGROUND Late  in  1979,  NATO  asked  AGARD  to  increase  its  advisory  support  to  the  NATO  Southern 
Flank  Nations  (Turkey,  Greece,  Portugal).  The  AGARD  National  Delegates  Board  directed  the  panels,  through 
AGARD  Headquarters,  to  make  proposals  for  this  enhanced  support.  The  Aerospace  Medical  Panel  proposed 
approximately  a  dozen  technical  subjects  appropriate  to  the  medical  aspect  of  current  military  aviation, 
with  special,  but  not  exclusive,  emphasis  on  the  fighter  aircraft  environment.  The  panel  also  suggested 
that  these  topics  could  be  presented  as  consultant's  visits,  tutorials  of  various  sorts,  or  lecture 
series,  the  choice  being  left  to  the  Southern  Flank  Nations. 

At  the  1980  Spring  meeting  of  the  medical  panel,  members  from  the  Southern  Flank  Nations  chose  four 
topics  on  which  they  desired  technical  support.  The  topic,  "Human  Factors  Asepcts  of  Aircraft  Accidents," 
was  one.  The  medical  panel  decided  that  a  lecture  series  would  be  appropriate,  and  made  that  recommen¬ 
dation  to  the  National  Board  of  Delegates.  The  board  approved  the  proposal  in  September  1980,  for  the 
1982  program. 

At  the  1980  Fall  meeting  of  the  medical  panel,  the  scope  of  the  lecture  series  was  changed,  in 
accordance  with  the  wishes  of  three  Southern  Flank  Nations.  These  nations  requested  a  less  specialized, 
more  broad-based  set  of  lectures,  covering  a  larger  spectrum  of  technical  areas  and  investigative  pro¬ 
cedures,  rather  than  a  focus  on  human  factors  specifically.  The  following  paragraphs  describe  this 
broader  scope,  although  the  title,  "Human  Factors  Aspects  of  Aircraft  Accidents,"  has  been  retained. 

GENERAL  STRUCTURE:  The  lecture  series  has  been  divided  into  three  sessions  to  be  covered  in  twe 
days.  The  lectures  on  the  first  day  (Session  I)  provide  a  general  review  on  the  technical  background 
relevant  to  accident  factors  and  concerns.  They  start  with  a  status  report  on  the  aircraft  accident 
problem  in  the  NATO  community,  followed  by  lectures  on  engineering  considerations,  aviation  medicine  and 
physiology  aspects,  human  factors  aspects,  and  pathology.  There  are  two  sessions  on  the  second  day. 

Session  XI  addresses  investigative  techniques,  and  includes  lectures  on  engineering,  life  support  systems/ 
restraint/ejection ,t  and  the  flight  surgeon's  investigation.  The  flight  surgeon's  lecture  is  the  one 
where  all  of  the  earlier  lectures  will  come  into  an  integrated  focus,  and  therefore  will  be  a  two-hour 
lecture,  in  contrast  to  the  others  which  are  generally  one  hour  long.  Session  III  (which  is  short)  con¬ 
tains  one  lecture  on  an  aspect  not  addressed  elsewhere,  the  medical-legal  aspects.  The  remainder  of  the 
session  is  devoted  to  a  round  table  discussion,  in  which  the  audience  is  invited  to  participate.  All 
lecturers  will  allow  a  few  minutes  at  the  end  of  their  presentations  for  questions  from  you,  the  audience. 

The  audience  should  keep  in  mind  that  this  lecture  series  is  sponsored  by  the  AGARD  Medical  Panel, 
and  therefore  appropriately  emphasizes  the  medical  aspects  of  aircraft  accidents.  We  recognize  that  this 
audience  is  a  mixture  of  fully  qualified  flight  surgeons,  medical  officers  with  general  knowledge  of  the 
medical  issues  significant  in  the  aviation  environment,  and  operational  officers  with  limited  understanding 
of  medical  and  physiologic  issues,  but  with  a  superb  knowledge  of  the  operational  environment.  Such  a 
mixed  audience  presents  a  real  challenge  to  your  lecturers  during  their  oral  presentations,  requiring  them 
to  walk  a  narrow  line  between  being  too  basic  for  the  most  knowledgeable  of  the  audience  and  too  advanced 
for  the  less  knowledgeable.  The  written  manuscripts  offer  you,  the  audience,  the  opportunity  to  acquire 
more  advanced  levels  of  knowledge,  since  the  manuscripts  are  typically  twice  as  long  (or  more)  as  the 
spoken  text.  Each  of  you  received  (this  morning)  a  book  containing  the  complete  manuscripts  for  every 
lecture.  You  may  at  times  wish,  therefore,  to  formulate  questions  from  the  floor  by  referring  to  a 
specific  page  in  the  book,  either  during  the  discussions  after  each  lecture  or  during  the  round  table  dis¬ 
cussion  at  the  end  of  the  second  day. 

SCOPE  FOR  EACH  LECTURE:  The  following  short  descriptions  of  each  lecture  are  provided  to  give  you  a 
general  idea  of  the  lecture  series  director's  concept  of  the  scope  of  each  presentation/manuscript.  Lec- 
tuieis  are  not  limited  to  tms  description;  in  particular,  tne  lectures  may  vary  trom  the  manuscripts  as 
each  lecturer  senses  the  needs  and  interests  of  this  audience. 

"Overview."  This  presentation  by  the  lecture  series  director  will  last  about  30  minutes.  I  will 
cover  what  we  are,  who  we  are,  and  why  we  are  here. 

"Current  Status  and  Significant  Concerns."  The  title  describes  the  lecture.  The  lecture  will  set 
the  stage  for  the  lecture  series.  It  will  include  some  history  (particularly  the  past  five  years) ,  the 
current  situation  functionally  and  statistically,  the  more  significant  effects  of  the  newest  aircraft  in 
the  inventory,  the  more  significant  aspects  of  the  operational  environment,  and  the  important  features  of 
the  European  environment  (weather,  seasons,  major  air  traffic  areas,  air  traffic  control  issues).  This 
lecturer  has  the  option  of  including  civil  as  well  as  military  aviation.  (one  hour) 

"Irfluwcc  of  Hahdllrg  ^aalitUs,  l~ras?  WcrtHrf*.  v/Ci  C that  jhgtijjgjaetag  Fartrrm."  TVi*  lecturer  U 
our  primary  engineer.  The  lecturer  will  discuss  the  general  engineering  in  principles  of  aircraft  handling 
qualities  and  crash  worthiness  as  they  relate  to  safety  and  survivability,  military  specifications  frame¬ 
work  for  including  safety,  and  gaps  in  engineering  design  technology.  The  focus  will  be  on  current  and 
next  generation  military  aircraft.  This  lecture  will  provide  an  information  base  for  a  later  lecture  on 
investigative  techniques,  (one  hour) 

"Medical/Physiologic  Factors."  This  will  be  a  general  review  of  aviation  medicine  and  aviation  phys¬ 
iology,  with  a  specific  focus  on  those  aspects  which  relate  to  safety  and  accidents.  It  will  include 
environmental  stressors,  physiologic  effects  of  altitude,  barotrauma,  the  acceleration  environment  and 
effects,  disorientation  and  illusions,  visual  function  and  problems,  noise/vibration/thermal  problems, 
stress  and  fatigue,  motion  sickness,  drugs,  acute  causes  for  grounding,  and  causes  of  sudden  incapacitation. 
It  will  not  cover  medical  standards  and  selection,  annual  physical  examinations,  preventive  medicine,  nor 
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the  administrative  aspects  of  aviation  medicine.  The  lecture  will  be  limited  to  military  aviation  and  to 
active  aircrew  members  (not  passengers) ,  and  will  provide  an  information  base  for  a  later  lecture  on 
investigative  techniques,  (one  hour) 

"Human  Factors ■“  This  lecture  will  be  a  general  review  of  the  principles  and  practice  of  human  fac¬ 
tors  (human  factors  engineering,  human  engineering,  aviation  psychology  are  sometimes  used  as  synonyms) , 
with  a  specific  focus  on  those  aspects  which  relate  to  safety  and  accidents.  Topics  to  be  covered  will 
include  display  and  control  design,  information  presentation  and  processing,  cockpit  workload,  man-machine 
interface,  man-mission  interface,  cockpit  layout,  anthropometric  factors,  psychological  and/or  personality 
factors,  and  any  special  issues  related  to  design  for  safety.  The  lecture  will  be  limited  to  military 
aviation,  focus  on  fighter  aircraft,  and  provide  an  information  base  for  a  later  lecture  on  investigative 
techniques,  (one  hour) 

"Pathology  Aspects."  This  will  be  a  general  review  of  the  principles  and  practice  of  aviation  path¬ 
ology  as  it  applies  to  aircraft  accidents,  both  civil  and  military,  and  for  both  aircrew  and  passengers. 

The  toiics  covered  will  include,  but  are  not  limited  to,  the  post-mortem  examination  and  autopsy,  analysis 
of  body  tissue  and  fluids,  the  contributions  to  the  accident  of  pre-existing  disease,  environmental  and 
traumatic  factors,  drugs,  ingestion,  routine  and  special  toxicology,  and  field  procedures  required  to 
ensure  an  adequate  pathology  study.  The  lecture  is  intended  to  provide  an  information  base  for  a  later 
lecture  on  medical-legal  aspects.  (45  minutes) 

"b,igii,eeii,is  Investigation . *  This  lecture  is  the  first  to  be  devoted  entirely  to  investigative  tech¬ 
niques  end  procedures.  Topics  to  be  covered  will  include  the  on-scene  investigation  and  documentation, 
the  removal  of  the  aircraft  and  follow-on  analyses,  the  selection  of  systems  and  subsystems  requiring 
study,  the  selection  of  appropriate  consultants  and  experts,  use  of  simulation  and  other  analytic  alter¬ 
natives,  and  longer  range  system  studies.  The  focus  is  on  "how  to"  and  "look  for."  (one  hour) 

"Life  Support  Systems/Restraint  Systema/Ejection  Investigation. "  This  lecture  will  start  with  a 
listing  and  descriptions  of  the  hardware  involved  in  life  support/restraint/e jection,  then  identify  the 
qualifications  required  of  an  investigator  and  the  facilities  and  support  he  will  require.  The  lecture 
then  turns  to  investigative  techniques  on-scena  and  the  required  documentation,  the  follow-on  studies  and 
required  documentation,  and  (where  appropriate)  the  longer  range  system  studies.  The  focus  will  be  on 
fighter  aircraft.  The  amphasis  will  be  on  "how  to"  and  "look  for."  (one  hour) 

‘Flignt  burgeon's  investigation.  All  of  the  earlier  lectures  come  together  m  this  "how  to  and 
"look  for"  lecture.  Topics  to  be  covered  will  include,  but  are  not  limited  to,  pre-accident  planning  and 
organization,  the  role  of  the  flight  surgeon  on  the  investigation  board,  aircrew/passenger  rescue  and 
management,  tl<e  ct-sc*>ne  ttvestigatict ,  recovery  ar.fi  r.ar.agemyrt  cf  remains,  follow-**  etufilee,  investi¬ 
gative  tools  and  techniques,  post-mortem,  autopsies,  pathology /toxicology  studies,  retrospective  medical 
records  review,  psychological  and  human  factors  studies,  integration  of  data  from  the  medical  and  related 
investigations,  and  documentation  and  identification  of  cause  factors.  The  lecture  will  deal  primarily, 
but  net  exclusively,  wit),  fighter  awidenta.  (two  hours) 

"Medical-Legal  Considerations . "  This  "last  but  not  least"  lecture  has  been  placed  last  in  the  series 
because,  in  some  ways,  medical-legal  aspects  are  a  "stand-alone"  subject — the  downstream  consequences  of 
an  accident — the  entry  into  the  accident  arena  of  new  players  from  the  legal  profession,  among  others. 

The  lecture  will  address  principles,  practices,  and  problems  in  the  medical-legal  arena,  and  identify 
from  the  earlier  "how  to"  lectures  those  procedures  and  products  which  result  in  significant  downstream 
problems  if  poorly  executed  and  documented. 

At  this  point,  X  would  like  to  address,  in  a  more  technical  fashion,  some  of  the  areas  to  be  covered 
in  the  lectures.  As  a  member  of  the  staff  of  the  Clinical  Sciences  Division  of  the  USAF  School  of  Aero¬ 
space  Medicine,  I  am  naturally  interested  in  medical  aspects  of  aircraft  accident  causation.  Three  papers 
in  the  journal  of  the  Aerospace  Medical  Association  (the  journal  is  titled  Aviation,  Space  and  Environmental 
Medicine)  caught  my  attention  as  I  began  preparation  for  this  lecture  series.  I  will  report  on  them  briefly. 
The  first'  '  dealt  with  the  epidemiology  of  general  (civil)  aviation  accidents  in  the  year  1974.  There 
were  approximately  5000  accidents  for  which  there  were  adequate  records  on  the  pilot.  I  will  not  cover 
every  analysis  in  that  paper,  but  some  seem  particularly  appropriate  to  your  interests.  First  of  all, 
high  exposure  resulted  in  higher  accident  rateB  for  even  the  professional  pilot,  excluding  the  air  line 
pilots.  Stated  another  way,  the  more  you  fly,  the  more  likely  you  are  to  have  an  accident,  not  just  in 
terms  of  simple  frequency,  but  also  in  terms  of  rate.  Second,  civil  aviation  data  suggests  experience 
(total  flying  time)  is  an  asset,  u£  to  a  point.  At  some  point,  the  experienced  pilot  can  become  over¬ 
confident  and  less  vigilant,  and  perhaps  less  disciplined  in  preflight  planning  and  in-flight  routines. 
Similar  factore  may  be  operating  witn  recent  exposure,  which  shows  a  considerably  higher  rate  than  that 
seen  when  there  is  a  substantial  lapse  of  time  between  flights.  Rates  increase  with  age,  a  relationship 
frequently  described,  but  the  relationship  is  complsx.  I  invite  you  to  read  the  paper;  I  was  struck  by 
the  fact  that  young  pilots  with  high  exposure  rates  and  high  recent  exposure  are  the  most  vulnerable.  For 
civil  aviation,  the  peak  months  for  accidsnts  in  the  United  States  are  April  through  September,  the  best 
months  for  flying,  and,  therefore,  the  months  of  increased  aviation  activity  and  exposure.  Most  (85  per 
cent)  accidents  occur  between  9  AM  and  9  PM,  again  the  period  of  increased  activity  and,  therefore,  of 
exposure.  Fatigue  is  frequently  highlighted  aa  a  cause  factor.  However,  55  per  cent  of  the  accident- 
involved  pilots  had  flown  less  than  one  hour  in  the  past  24;  more  serious  accidents  occurred  in  the  first 
hour  of  flight;  48  percent  of  the  fatal  accidents  occurred  in  the  first  half-hour.  I  am  not  prepared  to 
state  that  fatigue  was  not  a  factor,  since  no  data  on  preceding  non-flying  activity  were  presented,  but 
it  seems  safe  to  say  fatigue  caused  by  long  duration  flights  does  not  appear  to  be  a  factor  in  civil  avia¬ 
tion.  Finally,  42  par  cent  had  undergone  a  medical  examination  within  the  previous  six  months  and  75  per 
cent  within  the  previous  year.  I  am  tempted  to  say  that  this  indicates  that  pre-existing  disease  is  not 
an  important  factor  in  civil  aviation  accidents,  but  data  in  this  paper  do  not  provide  sufficient .support 
for  that  statement.  However,  two  more  recent  papers  deal  with  that  very  issue.  Underwood  Ground12  reports 
or  experience  with  pre-existing  disease  in  aircrew  Involved  in  fatal  accidents.  The  kinds  and  rates  are 
similar  to  the  population  as  a  whole.  This  author  adds  that  it  is  difficult  to  establish  the  role  of  pre- 


existing  disease  for  many  reasons,  and  that  the  medical  investigator  will  at  best  be  working  with  circum¬ 
stantial  evidence,  almost  without  exception.  Voge '  reports  on  pre-existing  disease  in  the  U.s.  Navy. 

This  author  describes  the  Navy  aircrew  population  as  healthy  and  undergoing  careful  medical  examinations 
frequently.  She  reports  on  a  review  of  over  2000  medical  records  on  accident-involved  aircrew  where  there 
v  as  pre-existing  disease  and  concludes  most  would  not  be  incapacitating  but  might  contribute  to  "pilot 
error"  or  "undetermined"  causes.  This  author  also  comments  on  the  difficulty  of  obtaining  definitive  data. 

Another  major  area  is  human  factors.  The  USAF  School  of  Aerospace  Medicine  supported  a  contract 
ending  in  1980  in  which  an  independent  examination  of  accidents  with  human  factors  elements  was  performed. 
(This  was  only  part  of  a  larger  study.)  The  contractir  analyzed  70  USAF  accidents  from  the  years  1977- 
1978,  using  his  own  coding  system.  He  identified  six  major  pilot  factors  and  calculated  costs,  as  follows: 


Factor 

#  Mishaps 

Per  Cent 

Total  Cost  ($M) 

Channelized  attention 

32 

46 

146.3 

Distraction 

26 

37 

107.5 

Disorientation/vertigo 

22 

31 

72.4 

Excessive  motivation 

14 

20 

54.0 

Over-ccnf idence 

13 

19 

47.7 

Stress 

13 

19 

26.8 

This  listing  provides  a  framework  for  resource  allocation  were  one  to  launch  a  research  program  on  human 
factors  causes  in  aircraft  accidents--but  that  w  uld  be  an  intimidating  initiative  to  say  the  least.  More 
relevant  to  the  lecture  series,  it  is  a  shopping  list  of  factors  to  be  investigated  by  tne  human  factors 
specialists  on  an  accident  investigation  board.  The  contractor  also  examined  antecedent  conditions  in 
relation  to  the  above  factors,  using  IJSAF  coding  and  then  his  own  coding,  with  the  following  results: 


Antecedent  Factor 

Pilot  Factor 

Correlation 

Air-to-air 

Channelized  attention 

.37 

Air-to-ground 

Channelized  attention 

.29 

Total  1st  pilot  hours 

Distraction 

-.30 

Clear  weather 

Disorientation/vertigo 

.70 

Physical  condition 

Disorientation/vertigo 

.38 

BDM  Coding 

Air-to-ground 

Channelized  attention 

.36 

Low-level  navigation 

Channelized  attention 

.20 

Air-to-ground 

Disorientation/vertigo 

.24 

Air-to-ground 

Excessi/e  motivation 

.30 

Hours  slept  previous  24 

Apprehension 

.22 

Hours  slept  previous  24 

Visual  illusion 

.29 

These  analyses  also  provide  guidance  to  the  human  factors  investigator. 

Santilli ,  in  a  technical  report  published  in  1980,  takes  a  somewhat  different  approach  to  human 
factors  in  aircraft  accidents.  He  uses  a  man-environment  concept  and  focuses  his  analysis  on  the  critical 
interfaces.  He  analyzed  USAF  mishaps  during  aui  18-month  period  starting  in  January  1977.  Four  major 
environmental  variables  emerge  from  his  analysis:  weather,  training  deficiencies,  supervisory  deficiencies 
and  special  missions.  There  were  also  four  major  aircrew  variables:  situation  disorientation,  task  pro¬ 
ficiency,  concentration  deficiencies,  and  judgement  errors.  It  is  the  co-occurrence  of  environmental  and 
man  variables  that  is  the  major  contributor  to  mishaps.  This  is  an  important  concept — the  conjoint  or 
simultaneous  combinations  of  variables  which  turn  an  innocuous  situation  into  an  accident.  In  Santilli's 
data,  man  (aircrew)  variables  were  most  significant  72  per  cent  of  the  time.  This  highlights  the  role  of 
human  factors  in  aircraft  accidents. 

As  an  aside,  Santilli  and  I  jointly  developed  the  concepts  of  anomalies  of  attention  and  anomalies  of 
orientation  as  a  convenient  way  of  clustering  several  significant  elements  of  human  factors.  Santilli's 
list  for  anomalies  of  attention  includes  channelized  attention,  distraction  (internal  and  external),  cog¬ 
nitive  task  saturation,  inattention,  habitation,  negative  transfer,  and  fascination.  My  list  for  anomalies 
of  orientation  includes  disorientation  with  regard  to  three-dimensional  space  (classical  spatial  disorien¬ 
tation)  ,  with  regard  to  where  you  are  in  the  scenario  phase  (in-flight  sequence),  with  regard  to  the  over¬ 
all  scenario,  in  relation  to  the  total  combat  environment,  in  relation  to  the  ground/obstacles,  and  geo¬ 
graphically.  Such  "clustering"  concepts  may  be  useful. 

The  USAF  master  analyst  of  aircraft  accidents  is  Dr.  Anchard  Zeller.  In  his  most  recent  paper*6',  he 
predicts  where  the  USAF  is  going  in  terms  of  accidents  on  the  basis  of  experience  during  the  1970' s.  He 
makes  many  points:  I  have  chosen  only  a  few.  The  human  factors  problems  of  the  1980‘s  will  be:  (1)  per¬ 
ception  and  decision-making  during  emergencies;  (2)  in-flight  sequencies  rather  than  take-off  and  landing; 
and  (3)  military  aircraft  collisions  with  civil  aircraft.  These  are  preventable  by  use  of  well-established 
principles  of  accident  prevention,  better  selection  and  training,  and  hardware  improvements.  For  military 
aviation  in  particular,  "event"  proficiency  (e.g.,  strafing,  missile  launches,  low-level,  high-speed 
attacks)  is  becoming  important.  Zeller  emphasizes  the  need  for  more  training  on  simulators,  part-task 
trainers  and  training  aids,  and  perhaps  enhanced  visual  screening  to  augment  the  time-honored  visual 
acuity  measures.  The  greater  increase  in  training  realism  carries  with  it  the  potential  for  an  increase 
in  the  mishap  rate.  The  most  common  pilot  errors  are:  (a)  failure  to  follow  instructions;  (b)  improper 
in-flight  planning;  (c)  distraction:  and  (d)  faulty  division  of  attention.  The  USAF  continues  to  work  on 
ejection  fatalities — for  the  most  part  these  are  the  result  of  failure  to  eject  soon  enough;  however. 
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increased  low-level  operations  sometimes  force  the  aircrew  to  eject  outside  the  ejection  envelope.  Within 
the  USAF,  there  is  renewed  interest  in  physiologic  and  neuromuscular  tolerances  and  capabilities.  (The 
USAF  is  currently  considering  establishing  strength  standards  for  screening  of  applicants  for  aircrew 
training  (Undergraduate  Pilot  Training) .  Zeller  emphasizes  the  importance  of  recognizing  emergencies 
early  and  acting  quickly. 

Before  closing  this  brief  review  of  recent  papers,  I  want  to  call  to  the.attention  of  this  audience 
a  recent  and  provocative  article  in  the  USAF  Flying  Safety  magazine .  Carson  addresses  the  ejection 
decision  processas  in  terms  of  a  phenomenon  he  calls  "temporal  distortion."  The  well-recognized  physio¬ 
logic  “alarm  reaction"  to  a  suddan  amergency  creates  a  state  of  arousal.  There  is  increasing  anecdotal 
evidence  of  “a  temporary  false  perception  which  shows  the  apparent  passage  of  time."  Carson  suggests  this 
may  account  for  some  laca  decisions  to  ejact--that  it  may  in  fact  be  £  principal  cause.  His  solution: 
educate  pilots  about  tha  phenomenon,  stressing  that  "under  acute  stress  you  cannot  trust  your  sense  of 
time."  The  School  of  Aarospaca  Medicine  is  currently  examining  ways  to  investigate  this  phenomenon, 
validate  it,  and  quantify  it. 

This  concludes  my  introduction  and  overview  to  AGARD  Lecture  Series  #125,  "Human  Factors  Aspects  of 
Aircraft  Accidents."  Let  us  turn  to  the  task  at  hand  with  our  first  lecturer. 
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ASPECTS  DES  FACTF.UHS  Hl/MAINS 
DANS  LES  ACCIDENTS  D' AVIATION 


STATUT  ACTUEL  ET  SOUCIS  SIGNIFICATIFS 


Rtmwnt 


Dana  la  chalne  claaaique  das  tfllmenta  grfn£ratsura  d'un  accldsnt  d'avlatlon,  1'enquA- 
taur  aat  frAquemment  conduit  k  prendre  an  conaidyrat ion  la  facteur  humain. 

A  l'lntArleur  du  contexta  europ^en,  rrfuniaaant  das  caractyristiques  particulars*  plua 
ou  molna  proplcea  k  la  security  atfrlanna,  11  eat  intlreaaant  d'sxaminer  quelquaa  aapacta 
atatiatiquea  at  da  tantar  d'Avaluer  l'importance  da  ce  facteur  par  rapport  k  l'ensemble 
daa  facteura  cauaala  ratanua.  La  pourcentage  alnal  mla  an  Evidence  varle  peu  au  coura 
daa  a nnlea  at  raate  aaaat  idantlque  quelle  qua  aolt  la  cat^gorie  d'activity  aeronaut ique  : 
11  dtfpaaae  tris  probablemant  la  taux  da  60 

II  n'aat  paa  facile  d'appr6hendar  correctement  ce  facteur  qul  couvre  un  champ  Immense.  Sur 
lea  deux  volata  das  personnels  au  aol  at  daa  naviganta  sont  esqulss4s  certains  daa  princi- 
paux  axes  da  recherche.  Toutefois,  al  1'enquAteur  pout  g4n4ralement  mettra  an  Evidence  lea 
Implications  da  l'arraur  humaine  dans  la  d6roulement  da  l’accident,  lea  ralaona  profondes 
Achappent  aouvant  at  mrfrlteraient  las  soing  daa  sp^clallstes . 


Un  de  nos  confreres  enquSteurs  du  National  Transportat ion  Safety  Board  Jerry  BRUGGINK  a, 

11  y  a  quelque  temps,  Amis  1 'opinion  qua  "las  accidents  sont  necessalres  pour  malntenlr 
un  certain  taux  de  security". 

Pour  paradoxal  que  pulsse  paraitre  un  tel  point  de  vua,  11  est  cependant  tr6s  Evident  qua 
das  enqudtes  blen  condultes  sont  susceptiblas  de  fournir  das  donn6es  dont  l’Atude  pourra 
contrlbuer  largement  k  l'ensemble  des  mesures  et  moyens  de  prevention. 

Une  autre  citation,  4manant  d'un  Wing  Commander  de  la  He yal  Air  Force  :  "l'homme  est  d'un 
entretlen  facile  et  sa  fabrication  n'exige  pas  une  adresae  excessive",  si  elle  peut  Atre 
mrfdicalement  controversAe  dans  sa  premlAre  partie,  nous  permet,  cependant,  de  penser 
qu'en  dApit  des  progrAs  techniques  et  de  la  multiplicity  des  boltes  noiros,  les  facteurs 
6conomlques  e.-'geront  encore  baaucoup  de  temps  avant  que  la  part  de  1 ' intervent  ion  humai¬ 
ne,  au  moins  dans  la  conception,  la  contrBle,  l'entretien  ou  la  mise  en  osuvre  des  maty- 
riels,  soit  ryduite  k  un  r81e  quasi  insxletant. 

Un  accident  d'avlatlon,  plus  encore  peut-8tro  que  tout  autre,  eat  rarement  le  rAsultat 
d'une  cause  unique  entralnant  des  consyquences  imparables  mala  dycoule,  le  plus  souvent , 
de  1' accumulation  d'une  syrie  da  facteurs  dont  chncun,  pris  isoiyment,  pourrait  ne  pas 
forcymant  comporter  da  rlaquea  graves.  Dans  catte  chalne  classlque  des  elements  gynera- 
taurs  de  la  catastrophe  ayrienne,  1'enquAteur  est  frAquemment  conduit,  at  11  est  peu  pro¬ 
bable  que  cela  change  avant  longtemps,  k  prendro  on  considyratlon  ce  qu'il  est  convenu 
d'appeler  les  facteurs  humalns. 

II  est  probablement  significotif  que  le  promler  accident  aArien  portA  k  la  mymoire  des 
hoimnes,  celji  d’Icare,  ait  prAcicAmont  mis  on  cause  les  facteurs  humatns  ... 

Sur  un  plan,  hyias  noins  aliygorlque,  1' experience  acqulse  au  cours  des  derniAres  decades 
par  1 ' ensemble  dss  enquAtaura  d'accidents  d’avlatlon  dans  le  monde,  leur  a  appris  que  ces 
facteurs  continuaient  de  Jouer  un  rfile  preponderant,  r6le  qu'il  peut  ftfcre  intAressant 
d'essayer  de  mleux  identifier  dans  le  contexta  europyen  qul  est  le  nfltre. 

Avant  de  tenter  une  yvaluation  atatistlque  de  leur  importance  et  de  soulignsr  quelques 
una  de  leure  aspects  princlpaux,  11  convient  de  rappeler  certaines  des  caractyristiques 
de  1 ' environnement  general  et  opyratlonnel  particulier  k  1 'Europe. 

Compte  tenu  de  la  necessity  de  disposer  de  sources  aussi  fiables  que  possible,  le  cadre 
de  catte  ytude  a  6tk  intent ionnellement  llmity  aux  donnyes  intyressant  les  vingt  deux 
Etats  membres  de  la  Commission  EuropSenne  de  1 'Aviation  Civile  : 

Autrlche,  Belgique,  Chypre,  Danemark,  Espagne,  Finlande,  France , OrAce ,  Hollande,  Irlande, 
Islands,  Italle,  Luxembourg,  Malta,  NorvAge,  Portugal,  Rypublique  FAdArale  Allemande, 
floyaume  Uni,  SuAde,  Suisse,  Turqule,  Yougoslavle. 

La  zone  gyographlque  alnal  couverte  repryaente  proa  de  quatre  millions  six  cent  cinquante 
mllles  kilometres  carry s  et  comports  plus  de  quatre  cent  dix  millions  d'habltants. 


Un  tel  ensemble  montre  de  nombreusss  disparities  mala  aussl  dss  convergences  qui,  les 
unes  et  les  autres,  ne  sont  pas  sans  influar  plus  ou  molns  largomant  sur  le  dAroulement 
des  aetivitAs  aAronaut lques  et,  aussl,  sur  le  comport nment  des  facteurs  humalns  "natio- 
naux  • 

Parml  les  disparitAs,  certalnes  sont  Avidentes  et  rAsultent  du  simple  examen  des  chiffraa 
d 'autres  sont  quslqus  peu  plus  subtiles  : 

-  les  vingt  deux  Etats  AtudiAs  constituent  une  mosalque  de  terrltolres  natlonaux  de  su- 
psrficlss  trAs  lnAgales  :  rapport  de  1  A  2500  entre  le  plus  petit  et  le  plus  Atendu,  sur¬ 
face  moyenne  thAorlque  de  l'ordre  de  200.000  km2,  largement  dApassAe  par  7  Etats  et  trAs 
loin  d'Atrs  attelnte  par  plus  de  10  d'entre  eux,  density  de  population  variant  au  molna 
du  simpls  au  quadruple. 

-  cinq  de  ces  Etats  ne  font  pas  directemont  partle  du  continent  mals  sont  lnsulalres, 
l'un  d’entre  eux  A  des  mllllars  de  kllomAtres  de  l'Europe  proprsment  dlte. 

Un  autre  Etat  est  au  confluent  du  Moyen-Orient  et  de  l'Europe. 

-  En  dApit  d’une  langue  aAronautique,  l'anglals,  thAoriquement  commune , vlngt  autres  lan¬ 
guages  au  molns  sont  des  languss  maternellos  normalement  utiliaAea. 

-  les  legislations  natlonalos  peuvent  dlff Arer  trAs  notablement  :  le  code  NapolAon  dont 
les  rAgles  strlctes  contlnuent  avec  quelques  variant es ,  a  Atra  appllquAes  dans  plus  du 
tiers  des  Etats  reste  lnflniment  molns  flexible  que  la  legislation  d' Inspiration  anglo- 
saxonne . 

-  les  conditions  mAtAorologiquoa  varlent  trAs  largement  du  Nord  au  Sud  de  l'Europe  et 
1 'Influence  des  salsons  s’y  rAvAle  trAs  sensible. 

La  dispositive  n°1  presents  quelques  caracterlst iques  gAnAralee  : 

-  Europe  de  l’Est  :  hivars  trAs  fro Ids 

-  Europe  Centrals  :  hivers  frolds,  AtAs  chauda 

pluies  le  plus  souvent  sn  A  t  A 

-  Europe  Nord-Ouest  :  hivers  doux,  etes  frais 

air  humide,  nuages  frAquents 
pluies  princlpalement  en  automne 

-  Europe  MAdlterranAenne  t  At As  chauds,  ensolel 1 lement  abondant 

hivers  trAs  doux,  pluies  assent iellement  en 
automr.e  et  au  printemps 

Les  diapositivea  z,  j,  4  et  5  donnent  une  repartition  moyenne  des  ternpAratures  rencon- 
tro<*«  sui  e;:v *v?r:)  de  3  000m,  au  fur  ct  \  mcaure  des  salsons  : 

-  en  Janvier,  du  Sud  au  Nord,  toutes  ternpAratures  negatives  de  -2°C  A  -16°C 

-  en  avrll,  toujours  du  Sud  au  Nord,  de  *2° C  A  -14°C 

-  en  julllet,  de  +  10°C  A  -4°C,  1 'Isotherms  0°  est  remontA  assez  haut  vers  le  Nord, 
au  Nord  de  l'Angletsrre  et  de  l'Allemagne,  au  Sud  des  pays  scandinaves 

-  en  octobrs,  de  +4°C  A  -10°C,  les  ternpAratures  nAgatlves  recouvrent  A  nouveau 
les  3/4  de  l'Europe. 

De  fa$on  plus  prAcise,  11  est  intAressant  d' examiner  quelques  autres  disposltives,  Aga- 
lement  prAparAes  grace  aux  renseignement a  fournlns  par  la  mAtAorologie  nationals  fran- 
;aise,  et  portant  des  indications  climatiques  pour  certains  aArodromes  situAs  en  diffA- 
rents  points  de  l'Europe.  Ces  indications  ne  sont  cependant  valables  que  pour  chacun  des 
aArodromes  concernAs  et  ne  sont  done  pas  forcAment  representatives  de  la  rAglon  oA  tls 
sont  situAs. 

Dispositive  n°6  Les  courbes  de  ternpAratures  moyennes  sont  trAs  rAguliAres.  Elies  don  • 
nent  peu  d ' indicat ions  ImprAvuss,  11  faut  a'attendrp  A  des  gelAes  per- 
sistantes  dans  les  pays  nordlques  en  hiver  et  A  des  ternpAratures  supA- 
rieures  A  25°  dans  le  Sud  de  l'Europe  en  At  A.  A  Stockholm  -32°C  en 
Janvier  -  AthAnes  +44°  C  en  aodt. 

Dispositive  n°7  Outre  les  gelAes  peraistantes  en  Janvier/fAvrler  A  Oslo,  Stockholm  ou 
Munich,  on  constate  aussl  de  nombreuses  gelAes  hivernales  des  rAglons 
continentalss  du  Sud  Europe  (Madrid,  Belgrade,  Ankara),  on  a  omis  vo- 
lontairement  Lisbonne,  Barcelona,  AthAnss  o A  les  gelAes  sont  rares. 

Dispositive  n®8  Doux  pays  se  distinguent  par  la  frAquence  des  vents  forts  en  hiver 

(40#  de  vent^  17  kt)  ainsi  que  le  nord  de  l'lrlande.  Dans  les  autres 
rAglons  balayAes  par  les  perturbations  atlantlques  d’oueat  cette  frA- 
quencs  est  modArAe  avec  des  maxima  en  fAvrler  (Paria-Londrea)  et  octo- 
bre  (Edimbourg) .  A  noter  l’lnfluence  des  vents  locaux  (Mistral  A  Mar¬ 
seille)  et  une  pointe  importanto  au  mois  de  julllet  A  Lisbonne.  Dans 
1 'ensemble,  le  sud  de  l'Europe  est  cependant  molna  perturbA  par  le 
vent  que  le  nord. 
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Dlapoaltlva  n*9  Le  maximum  daa  Joura  d'orage  a  llau  an  gdndral  an  dtdv  aauf  A  Edim- 
bourg  (2  polntaa  au  irinteraps  at  an  automna)  ou  k  Roma  (orages  rd- 
partla  touta  l'annde).  L' influence  orographiqua  donna  un  nombra  da 
joura  d'orage  considerables  an  plain  dte  (10  Joura  par  mola  k  Mi¬ 
lan,  Balgrada) .  Dana  laa  paya  trAa  frolda  (islands)  ou  an  hirer  dans 
1 'Europe  du  Word ,  il  n'y  a  pratlquement  paa  d’orage.  Par  contra  dana 
laa  rdglons  chaudaa,  daa  oragaa  ont  llau  an  hlver  d 1 ou  laa  maxima  da 
precipitations  k  cat to  dpoque. 

Dispositive  n°1C  Xaflavlk  mia  k  part  (14  joura  par  mola  an  hi ver) ,  aur  la  Scandinavia 
at  la  Nord  Eat  da  l'Europa,  la  nombra  da  Joura  da  precipitations  mo- 
ddrds  aublt  un  maximum  trAs  marque  an  ete  (Copanhagua,  Munich);  dana 
laa  regiona  cfltiAres,  la  dlagramma  eat  plua  etaie.  Au  Sud  dana  lea 
paya  medltarraneana  laa  maxima  ont  llau  pendant  laa  aaiaona  froldaa, 
l'ete  y  aat  marque  par  la  aecharaaaa  (Maraailla,  Roma). 


Dlapoaltlva  n°11  Conditions  d 'attarriaaaga  medlocraa.  Laa  plua  mauvalaea  conditions  aa 
preaentent  an  hlvar  at  automna  avac  daa  maxima  an  fevriar  at  octobre/' 
novambre.  Daux  aerodromes  aa  dlstlnguent  Milan  (92  #  an  decambra) 
tandls  qu 'A  AthAnes  laa  bonnes  conditions >rAgnent  touta  l'annAe.  II 
n'y  a  capendant  paa  da  nattaa  differences  entre  le  Nord  et  le  Sud  da 
l'Europe  par  exempla,  laa  conditions  sont  plus  mauvalsas  an  hlvar  k 
Balgrada  ou  mime  k  Madrid  qu'A  Xaflavlk. 


Dispositive  n°12  Las  regions  aituees  prAe  da  la  mar  ont  un  maximum  da  broulllard  trAs 
prononce  an  hlvar  (Hambourg,  Londres,  Paris) ■  Sur  laa  aerodromes  si- 
tuds  plus  A  l'lnteriaur,  la  maximum  aa  sltua  au  prlntampa  ou  an  ete 
(  Balgrada) . 

Absence  da  broulllard  k  AthAnes.  Faibla  frequence  k  Maraailla. 


Les  diapositives  n°  I  1  1 2  n'ont  pu  itre  reproduites  en  raison  de  leur  format.  L’essentiel  des  indications  qu’elles  prtsentent  figure  dans 
le  texte  de  la  conference. 


Male,  parallAlement  k  caa  diaparltds,  le  contaxta  europden  present a  dgalement  da  nom- 
braux  point  da  convargancaa  : 

-L'anciennete  de  la  civilisation  an  Europe,  las  brassage*  dus  auc mouvement s  da  popula¬ 
tion,  qu'ils  alant  dtA  la  fait  das  conqudrants,  daa  pdlerina  ou  daa  crowds,  daa  mar- 
chanda  ou  daa  voyagaura  plus  ou  molns  volontairea,  out  conduit  k  une  cartaina  unlcltd 
daa  culturaa.  Tout  an  gardant,  au  moina  partiellement ,  laurs  caractArea  propraa,  las 
europdens  ont  fini  par  partagar  un  certain  fond  commun  qul,  avac  daa  varlantes  parfols 
encore  marquees, a  about  1  pour  'as  personnels  k  une  bonne  education  de  base  at  un  niveau 
da  competence  tecnnlque  asass  dlavd. 

-  En  ca  qui  conceme  la  material  au  aol  at  plua  particuliArement  la  convsrtura  adronau- 
tlqua  (centres  da  contrdles,  adroports  at  leurp  lnatallatlons,  aides  k  la  navigation, A 
l'approcha  at  1 'attarriaaaga)  la  tachnlcitd  at  la  dansltd  das  moyans  an  place  aat  dvi- 
dante  at  rdsulta  tout  A  la  fols  d'une  teehnologle  dvolude  da  longue  data  at  da  la  ndees- 
■ltd  d'aasurar  corractamant  un  trafic  adrien  trAa  Important  (A  tltra  lndlcatlf  -  dlapo- 
altlva  13  -  11  eat  intdresaant  da  constatar  l’ampleur  at  la  repartition  das  ssuls  vlngt 
cinq  premiers  couranta  da  trafic  intarnatlonaux  europdens  da  paaaagara  -  quints  millions 
cinq  cant  mllle  an  1978). 

-  Si  l'on  examine,  au  sain  des  22  Etats  de  la  C.E.a.C.  A  la  date  du  ler  Janvier  1981,  la 
flotte  d'apparells  da  transport  public  da  masse  supdrleure  A  9*000  kg  (20.000  lbs),  on 
constate  (salon  las  donndes  fournlaa  par  l'lnetltut  du  Transport  Adrian)  qu'll  axlsta 
plus  da  80  compagniea  europdennea  exploltant  environ  1.600  avlons  da  catta  catdgorle, 
solt  (salon  laa  statlstlquas  da  l’O.A.C.I.,  visant  144  Etats,  Chine  at  U.R.S.5.  exc eptdoe) 
prAs  da  20£  da  la  flotta  mondiale  dans  ca  sectaur.  XI  aat  encore  plus  intdresaant  da  no¬ 
tar  qua  cat  ensemble  ddpasee  la  cinqulAme  daa  quadrlrdacteurs  mondlaux,  10  %  das  trirdac- 
taurs  at  attaint  prAs  da  30  %  du  total  daa  blrdacteurs  at  prAs  da  20  %  das  turbopropul- 
saurs.  Catta  flotta  europdenne  eat  auasl  une  flotta  moderne  qul  ne  comporte  qua  molns  da 

2  %  d'avlons  A  motaurs  A  platons  contra  16  %  da  turbopropulsaurs  et  82  %  da  rdacteurs. 
(Pour  na  cltar  qua  oualques  une  daa  prlnclpaux  types  d'avlons  an  service  (ler  Janvier 
1981)  :  14  Concorde,  103  Boeing  747,  77  DC  10,  78  DC  8,  115  Boeing  707,  4 7  Airbus  A300, 

160  Boeing  727,  160  Boeing  737,  207  DC  9  ainsi  qua  75  BAC  111  at  80  SE  210).) 

La  nature  mime  da  la  composition  d'une  telle  flotta,  finalamant  assaz  homogAne,  lmpllque 
indvitablement;  un  haut  niveau  das  conditions  d'antratian  at  d'exploltatlon  partagd  antra 
l'ansambla  aas  dldments  de  la  moaalque  europdenne. 

L'avlatlon  gdndrale  de  ces  vlngt  deux  etats  represents  dgalement  un  chlffra  important  da 
l'ordra,  toujours  ddbut  1981,  de  26.000  avlons  at  14.000  planeurs.  II  n'axlata  plus, 
malheureusement ,  de  donndes  rdeentes  permettant  de  mlaux  ddcrire  las  avlons  da  catta 
catdgorle  d’actlvltd,  on  paut  saulemant  estlmer  qua  90  %  sont  daa  monoplane,  un  train 
tricycle  dqulpant  plus  da  60  %  d'entre  aux  at  gi  sambla  qu'un  maximum  da  15  A  20  %  de 
catta  flotta  sole  da  conception  ou  da  fabrication  anclenne.  II  rests  qua  lA  encore  un 
grand  nombra  de  factaurs  communs  so  retrouvaront  dans  las  apparells,  laur  entretien  at 
leur  exploitation. 
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-  Das  liana  ancor#  plus  Atroit*  tandant  4  sxaAllorar  ou  4  standardlsar  1'actlvitA  aAro- 
nautlqua  auropAsnna  4  la  aulta  d' accord*  Inter  Btats,  inter  conatructaura  at  inter  com- 
pagnia,  Noua  na  cltarone  qua  pour  memoir*  la  rfila  da  l'OTAN  dan*  1 'aviation  mllltalre 
ou  calui  d 'Euro controls  dana  la  aurvaillanc*  da  l'aspaca  aupArlaur  da  vol,  mala  11  faut 
encore  rappalar  la  conatructlon  an  cooperation  par  da  nombreux  Atats  aurop4ana  da  di- 
vara  type*  d' avion*  ou  d'h4llcopt4r*a  parml  lea  plua  connu*  :  Tranaall,  Concord*,  Tor¬ 
nado,  Jaguar,  Alphajat,  Alrbua  ... 

Sur  1*  plan  da*  compagniaa  a^rlannaa ,  11  faut  esaantlallament  noter  l'exlatanc*  dea 
group**  KSSU  at  ATLAS  dont  l'objeetif  fondamantal  a  At 4  da  mettre  an  eommun  la*  mo yen* 
industrial*  n4 caaaalraa  4  1 'utilisation  daa  avion*,  tout  au  moine  ceux  qul  condulaent 
4  daa  lnvaatlsaamanta  tr4s  important*  :  chain**  da  grand  antratlan  avion,  revision  dea 
motaurs  at  bancs  d'assals,  revision  daa  equlpamants  necessltant  das  bancs  d'aaaals  spA- 
clfiquaa,  approvlslonnamant  da  pl4ces  da  rachapga,  anglnaarlng.  Cast  ainsl  qu'au  sain 
d 1 ATLAS  (qul  comprand  actuallamant  Air  Franca,  Lufthansa,  Alitalia,  Sabena  at  Iberia), 

1*  grand  entratian  avion*  ast  assure  sur  deux  chain**  (lire  chaine  :  Boeing  7k7  :  Air 
Franc*  -  A  300  :  Lufthansa  -  DC  10  :  .Alitalia  -  24m*  chain*  :  Boeing  7k7  :  Iberia  - 

A  300  :  Air  Francs)  ;  la  grand  antratlan  motaurs  ast  assure  par  Lufthansa  :  P.W  JT  9  - 
O.E.  CF  6  50  E,  par  Air  France  s  G.B.  CF  6  50  C ,  par  Iberia  :  P.W.  JT  6  -  Olympus  ; 
las  autrea  equlpamants  majaurs  sont  rApartls  esaantlallament  antra  Sabena  at  Alitalia. 

En  c*  qui  concern*  KSSU  (qui  comprand  actuallamant  KLM,  SAS,  SWISSAIR  at  UT/)  la  grand 
antratlan  avion  eat  assure  par  K.L.M.  ;  Boeing  747,  par  Swissair  ;  DC  10,  par  SAS  : 

A  300  B  ;  calui  das  motaurs,  par  SAS  :  P.W.  JT  9,  par  KLM  :  O.E.  CF  6  ;  pour  las  equl¬ 
pamants  majaurs,  UTA  assure  las  trains,  las  lnvarseur*  CF  6,  las  APV  at  1 ' hydraullque 
DC  10  at  KLM  1 'hydraullque  Boeing  7^7. 

Dans  l'un  at  l'autr*  group*,  fral*  d'entretlen  at  repartition  das  charges  da  travail 
sont  pris  an  compta,  da  fa;on  4  peu  pr4s  simllalre,  dan*  un  soucl  d'equllibre  antra  com 
pagnles  partldpantes. 

II  ast  4  notar  qua  las  resultats  sont  encore  llmlte*  aux  Aliments  las  plus  important* 
das  flott as  ccncarnaes  at  qua  las  avantagas  tlr4s  da  cas  groupas  na  sont  pas  sans  con- 
traintaa  mais  1*  bilan  apparalt  positlf. 

II  convient,  paut-Stra,  d'ajoutar  une  remarque  touchant  4  cartalnes  caract eristlquos 
daa  reactaura  da  la  d*mi4r*  generation,  avion*  dits  4  grand*  capacite  ou  wld*  bodies. 
Las  observation#  v leant  la  fl-tt*  mondial*  mala  on  a  vu  qu'll#  const it uelent  un  pourcan 
tag*  important  das  apparails  da  transport  aerian  auropAsn  qul  las  utilise,  d'allleurs, 
largamant  au  dehors  du  continent. 

ParallAlament  aux  grand**  quality*  qua  chacun  laur  rsconnalt  at  aux  avantagas  Aconomi- 
ques  qu'lls  apportent,  il  rests  qua  lau.'  exploitation  pose  aneora  notammant  divers  pro- 
blAmas  da  flabillte  da  leurs  groups*  reactaura,  da  tenues  das  pneumstlquas,  problAmes 
rendu*  plus  algus  par  un*  grand*  aanslblllte  4  las  lncandles  majaurs  4  d4veloppam.nt 
trim  rapids.  Da  plus,  at  c'est  14  qua  risque  d'lntervanlr  1*  factaur  humaln,  las  equi¬ 
pages  techniques  da  tala  avion*,  du  fait  da  laur  emplacement  at  das  dimensions  das  ap- 
parails,  as  trouvent  IsolAs  dana  une  aorta  da  "tour  d'ivoira".  Ila  peuvant  na  .plus 
avoir  1*  contact  direct  avac  la*  evAnements  4  bord  at  n'ont  pa*  non  plus  la  communica¬ 
tion  facile  avac  la  personnel  navlgant  commercial.  La  nombr*  da  cas  dernier*  s' ast 
d'allleurs  accru,  4  bord  d'un  mAm*  avion,  dans  das  proportions  at  dan*  das  conditions 
tellee  qu'll  eat  4  pain*  exegArA  da  dire  qu’il  axiate.dan*  certains  eae,  deux  Aquipegee 
dont  la  coordination  ast  loin  d'Atre  evident*. 

Las  caracterlstlquas  partlcullArea  du  patchwork  auropAan  font  raaaortir  un  anvironna 
mant,  au  sans  1*  plus  large  du  torms,  assez  unique  at  dont  las  incidences  sur  la  sAcuri- 
tA  aArlanna  sont  parfois  loin  d'Atre  nAgliguablas. 

Las  dlsparlte*  cite**  plus  haut  crAent  notammant  das  condition*  ou  antralnsnt  das  con- 
tralntas  gAnAralemant  pau  propicas  au  dAroulement  das  activitAs  aAronautlquoa  : 

-  La  grand  nombr*  da  f ront liras  at  la  survol  da  plusleurs  territolrea  natlonaux  lors 
das  trajats  parfois  tris  courts  condulsant  notammant  4  une  charge  da  travail  accrue 
pour  las  Aqulpagas  at  4  la  nAcessitA  d'un©  coordination  Atrolta  antra  centres  da  con¬ 
trols  dApandants  d'Etats  diffArents. 

-  CcrrAlatlvament  at  an  dAplt  da  1 'utilisation  d'une  langu*  aAronautlque  commune,  das 
problimas  surglssant  at  sont  dus  : 

-  aoit  au  fait  qua  Isa  communications  alr/aol  s'affactuant  non  saulamant  dans 
catt*  langu*  commune  mais  souvant  aussl  dans  la  langus  du  pays  survolA,  c*  qui 
psut  ampAchar  un  Aqulpag*  da  saislr  plalnamant  la  dAroulement  du  traflc  dans  1 e- 
qual  11  ast  IntAgre, 

-  solt,  aneora, lorsque  surviannent  dss  difficult As  dont  1'exposA  et/ou  la  reso¬ 
lution  exigent  l'emploi  da  term* a  na  falaant  pas  habltuellement  partis  da  la 
phraslologl*  claaSique  da  la  langu*  commune. 


II  na  faut  paa  oublier,  an  outre,  qua  deux  reaaortlaaants  da  pays  dlfflrents  utlliaant 
una  troisilme  langue  thloriquement  commune  risquent  fort  d'aboutlr,  dans  cartel na  cat, 
k  das  incomprehensions  d’autant  plus  dangereuaea  qu' alias  na  sont  paa  tou jours  Cice¬ 
lies  comma  tellea. 

Enfln,  11  eat  encore  arrive  qua  devant  una  incomprehension  manlfaate,  la  pllote  ou  la 
contrdleur  assaye  da  a’ exprimer  non  plus  dans  la  langue  commune  ou  aa  propre  langue 
matarnalla  mala  dans  cells  da  son  interlocuteur  |v»c  lea  riaquas  aup^jUmentalra*  qua 
cala  comporta  :  phraslologie  absanta  ou  lnadapt ea  at  faux  sens  voire  contra  sens  par- 
foie  catastrophiques. 

Pour  las  personnels  au  sol,  apeciallatas  da  l'entretlen  ou  simple  employe  da  piste, 
la  confrontation  avac  daa  documents  ou  daa  indications  presentee  dans  una  langue  I- 
tranglre  ast  egalemant  una  retombee  defavorabla  da  cea  probllmes  da  langages  at 
paut  conduira  k  das  risques  non  negllgeablas. 

-  Las  dlvergancaa  antra  las  legislations  nationalas,  qu' alias  aolant  fondamentalea 
dans  laura  principaa  ou  qu'elles  na  portent  qua  sur  las  differences  d'application 
formelle  da  rlgles  confuse  dans  la  mime  esprit,  aouievant  fatalement  das  difficultes 
qul  na  sont  paa  sans  repercussion  sur  la  domains  technique  ,*  par  example,  an  entrai- 
nant  das  derogations  aux  standards  at  pratiques  recommandeas  mis  au  point  par  l'Orga- 
nlsation  da  1 'Aviation  Civile  Internationale,  derogations  qui  an  affaibllssent  la  por- 
tea.  Sur  la  plan  das  enquetes  d'accidents  d'aviation,  an  partlculier,  las  examples 
sont  nombreux  o£k  la  manque  da  flexlbilite  da  cartalnas  legislations  a  Joue  dans  un 
sans  defavorabla  sur  la  bonna  conduits  das  investigations  techniques  risquant  ainsi 

da  eompromettre  la  securite  aeri anna.  Da  alma,  las  lois  regissant  la  diffusion  das 
rapports  d'anqulte  antravant  parfois  la  publication  indispensable  das  donnees  re- 
cualllias  voire  das  ansaignamants  formuieas. 

-  La  diverslte  das  conditions  climatiquas  regnant  sur  las  aerodromes  europes ns  paut 
axlgar,  salon  las  cas,  das  equlpements  suppiemantalras  (glnlralement  au  sol),  das 
procedures,  una  formation  ou  un  antralnamant  asset  dlfflrents.  Si  alias  na  consti¬ 
tuent,  normalement,  pour  las  navlganta  professionals  qua  das  elements  pau  favora- 
bles  suppiemantalras,  parfois  trls  deilcuts  (aquaplanning  par  example) ,  la  dlroula- 
mant  daa  vola  d'aviation  generals  paut  an  Itra  plus  fortament  penalise  :  la  grand 
tourisms  alrlen  s'ast  fortament  devaloppe  das  darnilras  a miles  at  cartalnas  conditions 
meteorologlquas  rsncontreas  k  l'etrangar  par  das  pllotaa  privls  habitues  k  d'autras 
regions  plus  favorlaeaa  pauvant  crier  daa  difficult as  glni rat rices  d 'accidents  ma- 
jaurs. 

L’ impact  dlfavorabla  euacltl  par  cat  ansambla  da  caracterlstlquas  parti cull Iras,  plus 
ou  molns  disparates,  ast  heureusement  contrabalance  par  las  affats  das  convergences 
dlj k  cities  : 

-  nivaaux  da  base,  da  formation  at  da  cong>ltence  technique  das  personnels  adajtla  aux 
actlvitls  elroneut lques  da  toutas  natures, 

-  qualita,  entretian,  densitl  at  asses  bonna  homoglnlXte  das  Installations  au  sol  ha- 
bltules  k  traltar  un  trafic  dense  at  dont  una  part  non  nlgligeable  a  It!  conque  at  rl- 
alisla  au  sain  da  divers  Etats  europlens, 

-  flotta  alrlanna  dans  1 'ansambla  moderns  at  blan  Iquipla  avac  una  homoglnllte  conve- 
nabla,  exploltle  salon  las  rigles  da  l'art  at  blnlficiant  d'importantes  usinas  da 
construction  alronautlque  at  da  slrieux  moyans  d' entretian  rlpartls  an  da  nombreux 
points  do  1 'Europe,  avac  la  -oncours  supplement aira  da  plusleure  centra  d’assais  au 
sol  at  an  vol, 

-  Etata  conscients  da  laura  responsabilltls  envers  las  activltls  alriannes  at  assurant 
un  controls  afficaca  das  personnels  at  das  materials  tant  sur  la  plan  da  lour  rig la¬ 
mentation  qua  sur  calul  do  laur  mlse  on  oeuvre  at  aa  surveillance, 

-  accords  da  cooperation  k  tous  las  Ichalons,  Etats,  c ons t rue taurs,  compagnles,  vlsant 
k  tirar  la  mellleur  parti  das  moyans  at  competences  techniques  at  s’achaminant  -  k 
pas  inurement  rlfllchls  -  vers  un  niveau  commun  suplrleur  nicessaire  k  1 'amelioration 
da  la  slcurltl. 

Dana  ce  contexts  at,  k  cm  stada,  il  ast  intlressant  da  tenter  una  approcha  statlstique 
eilmantalra  daa  accidents  survenue  an  Europe  au  coura  daa  cinq  ou  six  damliraa  annaaa  ; 
la  presentation  cholsie,  propre  k  cheque  catlgorle  d 'utilisation,  rlsulta  das  lllmants 
recuelllls  tint  auprls  da  la  banquecentralo,  de  donnles  ADREP  da  l’OACI  at  da  la  C.E.A.C. 
qua  das  renseigneme nt a  foumis  par  divers  Etats  at  d'autres  sources  fiables  : 
slminaira  da  la  Plight  Safety  Foundation,  revues  officislles  ou  prassa  alronautlque. 

Pour  tsnlr  compta  du  fait  qua  certalns'rapports  n'ont  pas  requ  da  diffusion  publique 
(prlcislment  an  raison  da  legislations  nationalas  strictas)  ou  qua  cartalnas  enqultes 
ns  sont  paa  ancors  terminlea,  las  indications  ainsi  fournias  na  ssront  pas  ldantlfiles 
k  una  lists  donnant  la  detail  da  chacun  das  accidents  concernls. 


2-6 

L'objectlf  essential  vise  ion  d0  fairo  reasortir  l'lmportance  du  fac t our  humain  par 
rapport  k  1 'ensemble  doa  factoura  cauaala  rotsnua  par  laa  enquiteura.  Dana  un  aecond 
tampa,  on  a'efforcora  anaulta  d'examiner  dans  quslle  maauro  doa  tendancaa  principaloa 
pourraient  it  re  digageoa  au  aoln  mime  da  cotta  rubrlque. 

Loa  accidents  laa  plus  epactaculalrea  ou,  tout  au  molns,  dont  il  eat  le  plua  parie, 
aont i  grfn^ralement ,  ceux  concarnant  le  Transport  Public  a^rian.  Avant  do  traitor 
lea  caa  do  cotta  categoric  on  Europa,  dont  la  flotto  comporte  82  $  do  r^actours,  11 
eat  peut-itre  bon  do  presenter  le  tableau  dea  taux  de  partes  totalea  de  r4acteur 
dana  le  monde,  rrfpartia  par  cone  g^ographique  (diapoaitivo  n°  )  ;  rispuis  1959  jus- 
qu'an  octobre  1981,  pr6s  de  181  millions  d'houree  da  vol  ont  6t6  affectu^ea  par  cee 
apparel la  dont  371  ont  ete  totalement  perdue  (toutea  causes  confonduea) .  11  eat  fa- 
clla  de  voir  que,  ai  l'on  prend  comma  meaure  da  la  securite  le  nombre  d'heursa  de 
vol  pour  une  perte  totals,  la  progr&s  de  la  moyenne  mondiale  eat  asaez  apectaculaira 
ce  chiffre,  an  effet,  a  plue  qua  triple  de  I960  k  1981*  Lea  taux  dif f^renta  toute- 
foia  tr 4a  largement  aelon  lea  regions  considers  et  ,pour  ee  borner  k  1 'Europe,  on 
paut  noter  qu'il  eat  aaeez  proche  de  la  moyenne  mondiale  avec  une  amelioration  plue 
lente  , peut-itre  parca  que  miaux  piece  au  depart,  mala  ausei  qu'il  net  nettement 
meilleur  que  la  moyanna  mondiale  ei  l'on  exclut  lea  chiffrea  concernant  lee  Etats- 
Unis. 

Lea  donniea  aulvantea,  concernant  lea  amides  1976  k  1981  Indus,  ont  ete  etablls  ex-  ' 
cluelveir.ont  pour  le  transport  public  european  (avion  au-deeeua  de  9  00 0  kg)  et  ne  vi- 
aent  done  que  lea  accidents  (au  sens  de  l'Annexe  13  de  l'OACl)  eurvenus  sur  lee 
terrltoiree  dee  22  Etata  de  la  CEAC  k  dee  appareile  lmmatrlculee  dane  l'un  quelconque 
dea  ces  Etata,  XI  n'a  pas  ete  tenu  compte  des  accidents  eurvenus  en  Europe  k  dee  ap- 
parella  etrangers,  non  plus  qua  de  ceux  des  appareile  europeens  hore  du  continent.  De 
plua,  ne  figurent  pas  dans  cea  chiffrec  ceux  od  des  occupante  ou  dea  tiers  ont  ete 
tues  ou  blesses  sans  qu'il  y  en  soit  r eeu.lt <5  un  dommage  pour  le  materiel. 

II  est  possible  que  cee  donnees  ns  soient  pas  totalement  exhaustlvea,  male  lee  qunlques 
manquants  aont  pratlquement  aans  incidence  aur  la  siftiification  dps  n'isultatc 

Compte  tenu  dea  crltirea  alnai  determines,  63  accidents  ont  ite  rscenaea  :  36  accidents 
de  riacteurs,  24  accidents  de  turbopropulseura  at  seulement  5  accidents  d'avlons  k 
pistons  (l'exclualon  de  la  atatistique  dea  accidents  survenue  hors  d'Europe  donne  aux 
turbopropulssurs  une  importance  plus  grande  que  leur  pourcantage  reel  dans  la  flotte 
consldiree) .  Ces  accidents  ont  entraine  la  destruction  totals  da  llapparalls,  52 
ayant  ete  andommagis.  A  notsr  qua  24  %  ae  aont  prodult  au  decollage,  13,2  %  en  route 
et  48  56  k  l'approche  et  1 'attarrlaaage.  Pour  1 'analyse  daa  causes,  rappalons  qu'elles 
ont  ete  traitiea  par  facteurs  causals,  c'est-4-dire  que  pour  un  mime  accident  ont  ete 
notis,  sans  or  dr*  preferential,  chacun  des  facteurs  susceptible*  d'av^ir  Jou6  un  rfile  j 
de  plus,  afin  de  tenter  de  mleux  corner  le  facteur  concernd,  il  a  pu  lui-mime  fairo 
l'objet  de  plusieura  rubriques  :  par  example  un  manque  de  coordination  enlre  equipage 
et  contrdleur  a  pu  itre  indique  sous  deux  intitules  :pirsonnel  en  vol  -  commandant  de 
bord  -  manque  de  coordination  avec  le  sol  et  personnel  au  sol  »  contr&leur  -  manque  dB 
coordination  avec  1 'equipage. 

Un  premier  tri  de  cea  factaurs  donne  la  repartition  euivante  : 


Personnel  Materiel  Conditions  Infrastructure  Divers 

meteorologiques  terrain  trK'oti?r.7iin6s 

63  56  13  56  9#  7  %  8  % 


Si  l'on  ae  llmite  aux  facteurs  imputables  au  personnsl,  premiers  facteure  buiaaln"  en 
evidence,  la  presentation  cl-apria,  encore  tris  resumes,  eot  un  peu  plus  instructive. 


Transports  Adrian 
European 
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A6ronefs  da  plus  de 
9  000  kg  (20  000  lbs) 


Accidents  survenus  au  cours 
das  ann4es  1976  4  1961 


Eacteurs  lmputablea  au  personnel:  63  % 


Personnel  an  vol  :  73,**  # 


Personnel  su  sol  :  26,6 


Commandant  de 
bord  *  6t>  * 

-  inattention, 
manque  de  aurveil 
lance  ■  22,6% 

-  utilieetion  ma¬ 
chine  incorrecte  : 
13  t 

-  non  respect  dee 
procedures  <13% 

-  technique  insuf- 
fisante  :9,7  % 

-  rdactlon  trap 
tardive  i  9,7  % 

-  mauvaise  coor¬ 
dination  ave:  le 
sol  ■  6,4  % 

-  check  list  de¬ 
ficients  t  6, s'  % 

-  mauvaiae  deci¬ 
sion  t  6,4  % 

-  decision  terdi- 
ve  t  6,4  % 

-  non  respect  des 
limitations  t  6,4  % 


Autre  membra 
d- equipage  t 


34% 


-  technique  insuf- 
flsante  :43,75  % 

-  reaction  trap 
tardive  t  18,75% 

-  utilisation  ma¬ 
chine  incorrecte  i 

12,5  % 

-  mauvaise  coordi¬ 
nation  avec  le 
sol  t  12,5  % 

•  assistance  in- 
sufflsante  eu  cost- 
conmtandant  de 
bord  ■  6,25  % 

-  performance  di- 
minueea  par  medi¬ 
caments  ■  6,25% 


Controls  du  tra- 
fic  sn  vol  i  47,1% 

•  inattention,  man¬ 
que  de  surveillan¬ 
ce  t  50  % 

-  insufflsant  i  25% 

-  manque  de  coordi¬ 
nation  avec  1' equi¬ 
page  t  25  % 


Entretien 
evion  t  23,5% 

-  mauvaise  exe¬ 
cution  du  tra¬ 
vail  <  100  % 


Autre 

personnel 


t  29,4% 


-  m* suras  incorrec- 
tes  ■  40  % 

-  mauvais  guida- 
ge  t  20  % 

-  informations 
erronees  t  20  % 


( VOIR  A USSI PAGE 2-15) 


Le  detail  alnsl  donne,  dejli  legdrement  rsgroupe,  provisnt  dirsctement  das  Indications 
figurant  dans  las  r6aultata  das  enqudtss  ;  11  a  cependant  4t4  peu  facile  de  standardl- 
ser  lea  postes  de  chacune  des  sous-rubriques  j  an  8ffat,  an  d4plt  d’una  csrtalne  codi¬ 
fication  dea  facteura  causals  (an  principe,  lneplrde  du  aystime  ADREP  de  l'OACl),  11 
eat  rare  aus,  dans  un  rapport  narratlf,  rsssorte  de  fagon  evidenta  un  tel  d4coupage  et, 
par  contre(  d4coupage  figurant  dans  un  formulaire  dkj k  code  ns  represante  pas  tou- 
Jours  les  conclusions  nuancese  d'une  anqu8te. 

II  n'eat  malheureusemant  paa  possible  da  detainer  de  fagon  ldsntlque  les  Indications 
concsrnant  les  activities  du  travail  a6rien  pour  las  22  Etats  d6j&  cites,  las  donn6es 
n'ayant,  aemble-t-11 ,  pas  encore  fait  l'objet  de  collectes  r6ellemsnt  ordonness,  les 
approchss  de  divers  Etats  6tant  assez  differentes,  et  certains  chiffres  paraiaaant  psu 
homogAnss  J  on  peut  aimplament  avancer  que  la  part  du  factaur  humain  tsnd  k  de-  »«r 
75  %  cs  qui  n'eat  pas  6tonnant,  les  conditions  parti  cultures  de  tsllss  activ.  6a  faisant 
le  plus  souvant  du  pilote  un  homme  orchestre  aur  Isquei  reposs  la  majorit6  dea  respon- 
aabilites. 

L'aviation  gen4ralo  europ6enn8  ost,  P^r  contra,  plus  facile  a  corner  :  en  effet ,  dans 
le  cadre  de  la  Commission  Europ4enn8  da  I'Aviation  Civile,  lea  accidents  dans  1 '"avia¬ 
tion  priv6a"  font  Jo nu Is  juin  1 964  l'ob.Jet  d'un  recueil  annuel  dos  renseignement s  conccr- 
nsnt  lea  r6sultats  ossenciels  des  enqufltes  tant  oour  les  avions  qua  pour  las  plansurs. 

Lea  grandee  lignes  de  css  donnees  montrent  que  pour  una  flotte  qui  86t  passes  d' environ 
10.000  avions  en  1 964  k  pria  de  26.000  d6but  1961  et  ds  5 .000  planeurs  k  1 2.000  pendant 
la  mAme  periods,  las  accidents  ont  Avolue  :-pour  les  avions  ds  800  k  1.000  accidents 
ayant  entrain6  de  3^0  k  500  tu4s  et  blesses  et  la  destruction  totalo  ou  partlslle  ds 
38O  k  700  appareils. 

-  peur  las  planeurs,  de  300  k  550  accidents 
ayant  ontraine  300  k  160  tu6s  8t  blesses  ot  la  destruction  totals  ou  partiells  ds  2k0 
k  h60  apparsils. 
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Les  dis 

Lne  diaposltlves  suivantes  permettent  da  prAclser  cetto  Evolution  : 

-  diapoeltive  n°  15  :  nombre  d'avlon*,  do  planaurs,  mouvemsnta  at  heurea  da 

vol  (64  -  60) 

-  diapoaitlva  n°16  :  nombre  total  d'accldente,  nombre  d'accldente  avec  dommagea 

corporela  -  aviona  at  planaura  (64  -  60) 

-  dispositive  n°17 

A  1’ occasion  da  ca  tableau,  11  aat  k  notar  qua  la  nombre  total  d'accldente  par  mi,l- 
llera  d'hauraa  da  vol  dana  1 'Aviation  Q6n6rale  aux  Etate-Unis  eat  deux  fola  molndra 
qu’en  Europe  mala  la  pourcantage  das  facteura  humains  eat  pratlquement  da  mAme  ordre. 

-  diaposltive  n°  18  :  taux  d'accldanta  at  taux  d’accldanta  avac  dommagea  corporals 

par  mille  heurea  da  vol  -  aviona-  planaurs  (64  -  80) 

-  dispositive  n°  19  :  nombre  da  tuAe  at  blessAs  par  100.000  heurea  da  vol  -  aviona 

planaurs  (64  -  81) 


En  ce  qul  concerns  la  repartition  das  facteura  cauaals,  alia  montra  aur  lea  dlx  aapt 
annAes  AtudlAes  una  Constance  trAs  ramarquabla  pour  una  aussl  longue  periods.  Las 
chlffres  sulvants  permettont  da  schAmatiaer  las  importances  respectlvea  daa  princi¬ 
pals  rubrlques  : 

~  facteura  lmputablee  au  personnel  :moyenne  da  62  $  dont  95  %  pour  lea  pllotes 

1.5  %  pour  las  autras  per¬ 

sonnels  k  bord 

3.5  %  pour  lee  personnels 

au  sol 

-  facteura  imputables  au  material  :  moyenne  de  14  $ 

-  facteura  imputables  aux  conditions  mAtAorologlques  :  moyenne  da  1 1 ,  5  $ 

-  facteura  imputables  k  1 ' Infrastructure  :  moyenne  de  5  $ 

-  facteura  lmputablee  k  dee  causes  dlvoraee  ou  ind6termin6es  :  moyenne  de  7,5  $ 

Depuis  1972,  faute  d'une  decision  favorable  de  la  part  daa  Etats  membres,  la  Commis¬ 
sion  Europ6enne  de  1 'Aviation  Civile  n'a  pae  cru  devoir  continuer  le  recuell  de  don- 
nAee  permettant  d'etudler  le  detail  de  chaeun  des  aous- facteura  concernant  le  person¬ 
nel  :  technique  inauffiaante ,  Inobservation  daa  rAgles,  mauvalse  decision  ...,  et  11 
seralt  hasardeux  d'avancer  dee  chlffres  plus  ou  molns  precis  k  cat  Agard  encore  qua 
lee  eiAmente  connus  lncltent  k  penaer  qua  le  non  respect  des  rAgles  et  procedures  re¬ 
presents  un  pourcentage  particuliArement  important  ainsi  que  i«  rubrlque  tech¬ 

nique  lnsu fflsante  due  k  une  formation  ou  un  entralnement  dAfectueux. 

Sur  le  plan  des  accidents  d'appareile  militalree,  qul  sort  quelque  peu  de  ma  spAcla- 
lltA,  lea  renselgnements  dlnponlbles  dans  la  presse  aAronautlque  specialises  tendsnt 
k  lndlquer,  pour  les  annAe  1975  k  1980  Indus,  que  l'ordre  de  grandeur  dee  facteurs 
causals  concernant  le  personnel,  pour  les  apparells  europAens,  est  apparemment  lAgA- 
rement  supArleur  k  55  ce  qul  est  tout  A  fait  comparable  aux  chlffres  mis  en  evi¬ 
dence  pour  les  apparells  civlls,  en  partlculler  dans  le  transport  aArlen. 

Ces  dlveress  presentations  atatistlques,  pour  IncomplAtea  qu'elles  solent,  ont  dAjA 
le  mArite  de  confirmer  lee  donnAes  de  l'lntuitlon  sur  1 'Importance  des  facteurs  cau¬ 
sals  Imputables  au  personnel  et  ,dans  cee  facteurq  ,1a  prApondArance  de  ceux  concernant 
1' Aquipage.  Toutefois,  les  appreciations  Amlses  par  les  enquAteurs  ou  les  statisti¬ 
cians  qul  ont  traltA  les  rapports  d'enquAte  ne  paralssent  pas  permettre  des  constata- 
tions  sane  Aqulvoque,  ni  une  utilisation  directs  pour  l'Atude  du  facteur  humain. 

II  est  Avldent,  et  la  consultation  du  detail  des  facteurs  causals  Imputables  au  per¬ 
sonnel  dans  le  transport  aArlen  le  montra  blen,  que  les  rubrlques  choisles  sont  souvent 
trAs  volsines  les  unes  des  autres  :  quelle  est  la  difference  entre  "mesures  (destlnAes 
k  fournir  des  donnAes)  incorrectes"  et  "informations  erronAes"  ou  encore  entrs  "deci¬ 
sion  tardive"  et  "mauvalse  decision”  7  Les  mesures  incorrectes  fournlront,  normalemsnt, 
des  informations  erronAes  et  une  dAclslon  tardive  sera,  finalement,  equivalents  k 
une  mauvalse  dAclslon. 

Par  ailleurs,  de  telles  appreciations  ne  peuvent  Atre  AtudlAes  ds  fa;on  isolAe  de  leur 
contexts  :  la  dAclslon  tardive  du  Commandant  de  bord  provoquAe  par  un  AvAnement  imprA- 
vlsible  et  urgent  ne  peut  entrer  dans  1’ analyse  de  faqon  ldentique  k  la  dAclslon  tar- 
dlvs  prlsa  dans  des  conditions  ne  prAsentant  pas  ce  caraetAre  eupplAmentalre. 

La  definition  mAme  du  facteur  humAin  est  encore  trAs  flous  st  done  sujette  k  une  assez 
grande  variAtA  d' Interpretation.  II  paralt  probable  qu'un  autre  enquAtsur  disposant  dss 
mAmsa  AlAments  de  base  que  ceux  utll.'sAs  dans  ce  document  aurait  de  bonnes  chancss  et 
de  bonnes  raisons  de  fairs  des  cholx  quelque  peu  diffArsnts  de  esux  dont  les  rAsultats 
vlennent  de  vous  Atre  prAsentAs.  On  peut  d'ailleurs  lAgitimement  penssr  que  l'assimila- 
tion  facteurs  causals  imputables  en  personnel  et  facteurs  humains  n'est  pas  entiArement 
corrects.  II  paralt  probable  effect ivemunt  que  les  facteurs  "personnel"  mis  sn  evidence 
dans  la  statistlqwe  ne  tlennent  pas  compte  de  l'ensembls  des  facteurs  humains  plus  ou 
molns  dissimulAs  dans  les  autres  facteurs  causals. 


II  semble  Atonnant  qua,  depuls  leedAbuts  de  l'hlstoire  do  l'aviation,  lea  rapports 
d'enquAte  sur  las  accldsnts  aiont  aussi  souvent  mis  en  cause  le  facteur  humain  sans 
qus ,  contrairement  aux  autres  facteurs  dont  1 'apparition  est  pourtant  blen  molns  fre¬ 
quents,  11  ait  AtA  encore  possible  de  dAfinlr  des  methodos  d'Atudes  suffisamment  rigou- 
reuses  ou  tout  au  moins,  de  fairs  en  sorte  que  le  travail  considerable  que  represents 
une  enqjAte  d 'accident  puisse  Atre  mieux  utilise  k  cet  effet. 

De  nombreuses  approchea  ont  cependant  ete  tentees  et  de  multiples  moyens  ont  ete  sug- 
geres.  Parmi  tous  les  critAres  proposes  un  nombre  croissant  d'enquAteurs  a  gAnArale- 
ment  tendance  k  etudier  le  facteur  humain  sous  le  triple  aspect  de  1 'aptitude  physique, 
de  la  capacite  intellectuelle  et  de  l'equlllbre  psychique  ainsi  que  de  leurs  interactions 
eventuelles.  Blen  sntendu,  une  telle  forme  d'analyse  dolt  s'appllquer  4  chacun  des  in- 
dividus  dlrectsment  ou  lndlrectement  concrrn^s  dans  la  gonAse  d'un  accident  d'aviation, 
qu'll  s'agisse  de  personnels  navlgants  ot*.  non,  au  sol  comme  sn  vol. 

Le  plus  souvent,  c'Ast  la  somme  de  facteurs  dont  chacun,  prie  isolAment  se  sltue  en— 
dessous  du  seull  du  risque,  qui  crAera  la  surcharge  propice  A  1 'accident  ou  aggravera 
une  situation  au  prAalable  peu  ou  pas  dangereuse,  Cette  addition  d'AlAments  simples 
rA  suit era  d'allleurs  aussl  bien  de  la  comblnalson  des  facteurc  techniques  et  humains 
que  des  seuls  facteurs  humains, 

Au  fur  et  k  mesure  du  dAroulement  de  1'enquAte,  les  facteurs  humains  mis  en  Evidence 
par  les  investigations  techniques  doivent,  alors,  non  seulement  Atre  caractorises >  par 
leurs incidences  propros  mala  aussl  par  leurs  rAsultantns,  en  les  examinant  par  rapport 
au  contexts  situatlonnel  et  1'enquAtour  dolt  s'attacher  k  en  prAciser  le  rdle  dAclen- 
chant  ou  aggravant. 

Dans  le  cadre  des  activitAs  aAronautiques,  deux  volets  dlstlncts  peuvent  Atre  cholsis 
pour  tenter  une  classification,  peut  Atre  arbltralre,  des  prlncipaux  facteurs  humains  : 
un  premier  ensemble  sera  conetltuA  de  facteurs  lntrlnsAques,  de finis  comme  Atant  pratl- 
quement  Atrangere  au  personnel  de  conduits  de  1'aAronef  et  s'appllquant  done  au  person¬ 
nel  non  navigant  et  k  ses  different s  services  ainsi  qu'aux  supports  du  mat Ariel  aeronau- 
tique  et  k  son  envlronnement  -  un  deuxlAme  ensemble  sera  rAservA  aux  facteurs  intrinsA- 
quee  dAfinis  comme  dlrectsment  HAs  au  personnel  navigant 

Une  telle  division  prAsente  un  caractAre  quelque  peu  artlflciel,  ne  seralt-ce  qu'en 
raison  des  InAvltables  points  communs,  mais  elle  semble  assez  commode  parce  que  faclle- 
ment  utlllsable  pour  1'enquAteur  qui,  gAnAralement ,  n'a  ni  la  formation,  ni  la  compA- 
tence  du  physlologue,  du  psychlatre  ou  du  peychologue.  II  n'est  cependant  pas  exclu  que 
ces  dernlers  pulssent  aussl  trouver  quelque  avantage. 

En  fonctlon  de  cette  classification,  11  peut  paraltre  lnteressant  de  clter  quslques  uns 
dee  points  eur  lesquels  1'enquAteur  aura  notamment  k  fairs  porter  ses  recherches. 

Pour  les  personnels  non  navigant e,  qu'on  ne  peut  espArer  tous  citer  ici,  on  se  bornera 
aux  catAgorles  sulvantes  les  plus  lir.portantes  ou  les  plus  frAquemment  en  cause. 

Personnel  de  conception  et  fabrication  des  materials 

Recherche  de  l'erreur  humains  : 

-  dans  l'appllcatlon  des  rAglss  de  l'art 

-  dans  une  conception  faisant  trop  appel  k  la  performance  de 
l'Aqulpage  ou  n'ayant  pas  prAvu  une  margs  sufflsante  pour 
l'erreur  possible 

-  dans  une  conception  facilit*nt  l'erreur  de  montage  ou  d 'utilisation 

-  dans  le  manque  de  redondances  souhaltables  ou  dans  lour 
rAallaation  imparfalte 

-  dans  la  prlss  en  compte  de  1'AventualltA  d'un  accident  pour 
en  mlnlmiser  les  consAquences 

-  dans  les  choix  des  matAriaux  ou  des  amAnagements  en  fonctlon 
des  critAres  de  survle  des  occupants 

-  dans  le  contrdle'  de  la  conception  et  de  la  fabrication 

-  dans  la  conception  et  la  rAalleatlon  des  modifications 
impAratives  ou  non 

-  dans  1 ' Atablissement  et  la  diffusion  de  la  documentation 

-  dane  1 'assistance  foumie  par  le  service  aprAs-vente 

-  dans  la  formation  des  personnels  du  constructeur  et 
des  utilisateurs 
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Personnal  d'entretlen 


Recherche  de  I'erreur  humaine  ayant  entraind  une  ddf alliance  technique  k  partir 
de  l'examen  : 


-  du  nombre  et  de  la  qualification  des  personnels  en  cause,  de  leurs 
dquipements,  de  leurs  horaires  et  charges  de  travail, 

-  de  la  qualite  et  de  la  circulation  de  1 1 lnformat ion  qul  leur  eat 
de.«t  inee, 

-  des  relations  Stabiles  avec  le  personnel  navigant , 

-  de  la  senslbillsation  aux  probldmes  de  sdcurltd, 

-  des  mdthodea  d'entretien  et  du  contrdle, 

-  de  la  nature  de  1 'environnement . 


Personnel  de  contrdle  du  traflc  fen  route  -  approche  -  aerodrome) 

Recherche  d'une  erreur  humaine  ayant  entraind  une  eituation  tie  vol  difficile 
ou  dangereuse  :  a  partir  de  l'examen 

-  du  nombre  et  de  la  qualification  des  personnels  en  cause,  de  leurs  equl- 
pements,  horaires  ,  tableaux  de  service  et  charges  de  travail, 

-  des  mdthodea  de  contrdle, 

-  de  la  validity  des  informations  re;ues  ou  donnees, 

-  de  la  quality  des  transmissions  tdldphorlques  ou  radio,  de  la 
valour  et  de  la  Justification  des  indications  ou  consignee 
formuldes, 

-  dee  consdquences  dvantuelles  des  transmissions  susceotlbles  de 
order  ou  aggraver  une  situation  de  danger, 

-  de  la  qualitd  dos  rapports  avec  le  personnel  navigant 

-  des  contraintes  psycho-physio logiques  propres  a  1 ' environnement 

des  diffdrents  postes  de  contrdle  du  trafic 


Personnel  de  1 1  information  metdorologlque 

Recherche  d'une  erreur  humaine  ayant  entraind  une  situation  de  vol  difficile  ou 
dangereuse  :  k  partir  de  l'examen 

-  du  nombre  et  de  la  qualification  du  personnal  an  cause,  de  leurs 
moyene,  horaires,  tableaux  de  service  et  charges  de  travail, 

-  de  la  qualite  des  observations  et  des  previsions, 

-  de  la  nature  et  la  qualltd  de  la  transmission  des  informations, 

-  de  la  nature  et  la  qualitd  des  rapports  avec  les  personnels 
navlgants  concernds 


Personnel  mddlcal 

Recherche  de  I'erreur  humaine  ayant  contribud  k  des  situations  de  rieque  : 
k  partir  de  l'examen 

-  des  conditions  de  ddlivrance  de  certains  certificate  d'aptitude, 

de  maintlen  d'aptitude  ou  de  ddrogatlors  potentiellement  dangereuses 
ou  incompatlbles  avec  toutes  lee  conditions  du  vol, 

-  des  traltements  en  cours  et  de  la  nature  des  mddlcaments 
prescrlts  ou  utllisds  ,  peu  ou  pas  compatibles  avec  les 
diverses  formes  de  l'activitd  adronautique, 

-  de  1 'approbation  de  certaines  conditione  de  travail  au  sol 
ou  en  vol , 

-  de  la  circulation  et  de  1 'utilisation  de  1 ' information 
dlsponible  ou  recuelllle, 

-  les  rapports  avec  le  personnel  navigant 

-  de  la  senslbillsation  aux  probl&mes  de  edcuritd  aerlenne 


Personnel  de  formation 


Recherche  de  I'erreur  humslne  ayant  contribud  k  une  ddfaillance  technique  ou  k  une 
situation  de  vol  difficile  ou  dangereuse  : 
k  partir  de  l'examen 


-  He  1 'adequation  de  la  formation  et  de  la  nature  du  travail  visd, 
qu'il  s'aglsse  de  personnels  navigante  ou  non, 

-  du  contrdle  effectlf  de  la  qualltd  de  la  formation  donnde  et  re;ue 

-  de  la  valeur  d'exemple  que  revdt  la  conduite  d'un  formsteur  pendant 
et  au  dehors  de  1 ' instruction, 

-  de  la  prise  de  rlsques  inutlles  ou  inapproprids 

-  de  la  complaisance  dventuelle  dans  la  ddlivrance  des  titres 
ou  qualifications  attestant  un  niveau  satlsfaiaant , 

-  de  1 ' environnement  au  cours  de  la  formation. 


■I  _1 .1.1 
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Personnel  dg  direction 


Hecherche  de  l'erreur  humaine  ayant  contribue  4  one  defalllance  technique  ou 
k  une  situation  de  vol  difficile  : 
k  partir  de  1* axemen  : 

-  dee  relations  entre  1 ’autorite  et  lee  personnels  navlgante  ounon, 
des  preselons  qui  peuvent  en  d^couler,  de  part  et  d 'autre, 

-  de  1 'influence  dee  choix  et  decisions  de  politique  generals  et  des 
consequences  qu'elles  ont  pu  entrainer  dene  chacune  des  actlvltes 
cities  dans  les  rubrlquea  pr^c^dentes. 


Peraonnel  Inpllque  dans  d’autres  contextes  altuatlonnels 

La  recherche  de  l'erreur  humaine  a'effectuera  de  faqon  identique  mais  en 
fonction  de  chaque  caa  d’eep4ce  .* 

par  example,  en  examinant  les  depositions  dee  temoine  d'un  accident  k  la 
luml4re  de  leurs  motivations  conscientes  ou  inconsclentes  ou  des  obverses 
preselons  dont  11s  peuvent  St re  l'objet. 

En  ce  qui  concerne  le  personnel  navigant ,  la  liste  eat  longue  des  facteurs  intrlnsS- 
ques  qui  lui  sont  dlrectement  liSs  et  leur  nature  exlgera  souvent ,  pour  1'enquSteur, 
le  recoure  au  pratlcien  specialists  ;  nous  noue  limiterone  aux  plus  Svldents  et  k  ouel- 
ciues  unes de  leurs  caractSrist iques  : 

DSfaillance  humaine  profeeaionnelle 

Toutes  fautes  professionnellea  k  caract ire  dlrectement  technique  :  maladresee,  faute 
de  pilotage,  mauvaise  utilisation  de  la  machine  ou  de  diveraea  commandos,  actions  ina- 
dequstes  mani f estement inappropriees  k  la  situation  et  csla  sans  qu'aucune  autre  expli¬ 
cation  puisse  Stre  donnSe  (la  faute  ns  peut  Stre  rattachSe  k  une  defalllance  mecani- 
que  de  l'avion,  ni  k  une  defalllance  medicals  de  1’ aptitude  gSnSrale  et  peychologique 
du  pilots,  ni  4  une  situation  rSellement  difficile) . 


Defalllance  propre  k  1'excSa  de  conflance,  k  1 'indiscipline 

Souvent  citSe  mais  rarement  explicable,  elle  peut  rSsulter  de  1 ’ inexperience  comma 
d’une  trop  grande  habitude.  Frequemment  constatSe  chez  de  Jeunes  pllotes,  on  la  re- 
trouve  cependant,  plus  ou  moins,  4  tous  lee  niveaux  de  qualification.  Peut  Stre  faci- 
lltSe  par  une  formation  inadaptSe  et  un  encadrement  lnaufflsamment  rigoureux,  elle 
ressort  probablement  de  facteurs  essentiellement  peychologiques . 


Defalllance  physique  lndlvlduelle  plus  ou  moins  prSexlstante  (lncapacltS  soudaine 
ou  non  en  vol) 

La  plus  dangereuae  (en  particulier  dans  les  phases  dScollage  et  atterrlssage)  est  l'in- 
capacite  soudaine.  Elle  peut  Stre  mortelle  -  dane  ce  cas,  genSralement  cardiaqua  -  ou 
se  traduire  par  dea  troubles  psychlques  -  d'un  dSveloppement  brutal  et  lncontrSlable 
(comme  cela  a  StS  r4 comment  le  cas).  Le  niveau  mSdlcal  actuel  ne  permet  paa,  semble-t- 
11,  d'assurer  un  dSpistage  systSmatiquement  complet  de  la  preexistence  de  tels  risques 
ou  de  leur  developpement . 

D’autres  formes  d* incapacitation,  lee  calculs  renaux  par  exemple,  peuvent  crSer  des 
situations  de  vol  extrSmement  difflclles. 

A  noter  encore  que  lee  personnels  navigant s  eont  frequemment  soumia  k  dee  regimes 
d 'alimentation  parfoie  Stranges  et  qu'il  peut  en  reaulter  divorees  formes  d'intoxica- 
tions  alimentaires  ausceptlbles  de  se  manlfeeter  k  tout  moment  de  leurs  activltes, 
done  condulre  k  une  incapacite  plus  ou  moins  soudaine  en  vol. 


DSfalllancea  phvsiouee  accldentelles 

Kora  les  defaillances  physiques  classlques  auxquelles  les  navigants  sont  soumis  comme 
les  autres  hommes,  11  rests  que  les  effets  dee  medicaments,  prescrits  par  un  m^decin 
non  avertl  du  fait  que  son  patient  pratique  l'aviation  ou  de  medicaments  prls  de  la 
propre  initiative  du  pilots  eans  surveillance,  ni  ordonnance  medicals,  peuvent  se  re¬ 
veler  tout  4  fait  ndfastes.  Lee  diverses  drogues,  suppoeeee  anodines,  destines  4 
combattre  le  d4calage  horaire,  un  surmenage  momentane  ou  uno  ligkre  fatigue  apparente 
eont  des  exemplet.  classiquee. 
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DAfalllances  phvaloues  duaa  4  1 ' envlronnement  du  vol 

Altitude,  temperature,  hygromAtrie,  acceleration,  ...  constituent  autant  de  paramAtres 
eusceptibles  d'avolr  dee  effete  defavorablee  eur  le  niveau  de  performances.  A  ces  fae- 
teurs  peuvent  venir  s'ajouter  des  stress  suppiementaires  due  eventuellement  aux  con¬ 
ditions  mAtAorologiques,  4  une  phase  de  vol  delicate,  4  des  aides  4  la  navigation  4 
l'approche  et  1 1 atterrissage,  ou  des  installations  aeroportuaires  defectueuses  ou  non 
conformes.  Cet  ensemble  de  facteurs  de  situation  pourra  Jouer  directement  sur  le  com- 
portement  psycholcgique  et  l'etat  physique  du  personnel  navigant . 


Illusions  sensorlelles 

Lea  illusions  viauelles,  les  phAnoraAnes  de  desorientation  sont  de  tous  ordrea  :  decol¬ 
lage  d'une  zone  AclairAe  vers  une  zone  obscure,  relief  de  pente  insensiblement  croissant 
"white  out",  erreur  de  lecture,  particularity  de  la  vision  nocture,  passage  de  la  vi¬ 
sion  des  instruments  4  la  vue  extArleure. . .  Leur  existence  est  bien  connue,  mals  leur 
rOle  dans  le  dAroulement  d'un  accident  est  rarement  facile  4  dAmontrer. 


Toxlcologle  "normale"  ou  accldentelle 

L'usage  du  tabac  altAre  l'Atat  d'Aveil,  l’exprlt  critique  et  la  vision  nocturne,  quel- 
ques  cigarettes  accroissent  1 'altitude  rAelle. 

Les  effets  de  l'alcool  sont  Agalement  connus  et,  bien  avant  d'atteindre  le  minimum 
lAgalement  admis,  les  performances  du  aujet  se  dAgradent. 

A  ces  intoxications  "normales"  peuvent  s'ajouter  dlverses  intoxications  accidentelles 
plus  ou  moins  lnsidieuses  :  la  presence  de  fissures  dans  un  brflleur  de  chauffage  cock¬ 
pit  peut  entrainer  un  dAgagement  d'oxyde  de  carbone,  la  combustion  de  divers  matAriaux 
d'amAnagementa  intArieura  provoque  une  grande  variAtA  de  gaz  toxiques  ou  de  fumAes  sus¬ 
ceptible*,  au  minimum,  d'altArer  les  faculty  psychomotrices  ou  la  simple  vision. 


DAfalllances  psychologlaues  : 

L'enquAteur,  non  mAdecin,  pourra  s'attacher  .* 

-  aux  manifestations  Amotionnelles  :  peur,  panlque 

-  aux  perturbations  d 'humour 

-  aux  aspects  extArleurs  des  troubles  de  la  personnalltA  :  confiance 
excessive,  rigorisme, 

-  aux  dAficiencea  lntellectuelles  :  attention,  mAmoire,  jugement, 
communi cat ion 

-  4  certaines  prises  de  decisions  inadAquates  :  fautes  de  procedures, 
erreurs  de  calcul. 

Ces  AlAmenta  devront  Atre,  si  possible,  examines  dans  un  contexts  tenant  compte  des 
antAcAdents,  de  la  personnalltA  et  de  l'environnement  familial  et  social. 


Pefalllances  morales 

Certains  cas  de  transgression  consciente  st  Inutile  des  Agios  de  sAeurltA,  le  non 
respect  de  consignee  de  vol,  d'utllisation  de  la  machine,  peuvent  constituer,  de  la 
part  de  personnel  navigant  normalement  competent  et  averti ,  des  negligences  d'ordre 
moral.  Une  telle  conduits  dAlibArAe,  contrevenant  aux  rAgles  communes,  tend  4  s'aasi- 
miler  aux  phenomAnea  associaux. 


II  reste  enfln  que  tout  enquAteur  doit  Atre  conscient  qu'un  facteur  apparent  peut  en 
cacher  d'autrea,  1 'erreur  attribuAe  au  seul  pilots  n'a  peut-Atre  pu  survenir  que  dans 
la  mesure  ou  il  s'est  trouvA  en  condition  pour  la  commettre  :  1'exemple  est  classique 
d'une  mauvaise  conception  d'une  presentation  lnstrumentale  autorlsant  la  confusion  de 
deux  paramAtres  ou  encore  de  commandos  identiques  placAes  cAte  4  cAte  et  permettant 
le  mauvais  choix  voire  la  manoeuvre  simultanAe  lnvolontaire . 
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La  part  dea  facteurs  humains  dans  lea  accidenta  d'avlatlon  mondiaux  et,  plua  particu- 
llirement  europden,  montre  qu'il  exiate  un  vaate  champ  d’actlon  ou  dea  meauree  peuvent 
4tra  priaea  pour  amrfliorer  la  s4curit£. 

II  ne  peut  dtre  question  da  aupprlmer  radicalement  caa  factours  ce  qul  aeralt  un  objec- 
tlf  parfaitement  lrr<$aliate,  11  eat  plua  qua  probable,  an  effet,  qu'il  exist#  un  mini¬ 
mum  income reaaible  tenant  k  la  nature  mtae  da  1  'henna.  Far  c '■  r. t  re ,  tartar  Je  rddulre 

le  nombre  dea  accidenta  ou  d’en  minimiaer  lea  consequences  en  ugissant  aur  le  facteur 
humain  dovralt  dtre  un  but  k  la  portae  du  monde  aeronaut ique , 

Cea  constatationa  ne  aont  p as  nouvelles,  mala  11  ne  semble  pas,  en  d^pit  dea  nombreux 
travaux  entrepria.que  dea  tentatlvea  tr4a  fructueuaea  et,  surtout,  dea  milthodee  appro- 
prltfes  so  aolent  faltes  jour. 

Du  aoul  point  de  vue  de  1'enquSteur,  a' 11  ostlme  4tre  g^n^ralement  k  mfime  de  determi¬ 
ner  lea  grandes  llgnes  dea  facteura  humalna  ayant  contribu^  k  un  accident  d'avlatlon, 

11  lul  paralt  manquer  trop  aouvent  de  moyena  pour  aller  vralement  au  fond  dea  chosea 
et  formuler  ensuite  dea  recommandatlona  approprl^ea.  C'est  dans  ce  sens  que  l'on  pour- 
ralt  utilement  comprendre  cette  paraphrase  d'une  citation  connue  "loraque  lea  investiga¬ 
tions  techniques  ont  conclu  k  l'orreur  humaine  e'eat  alors  que  l'enqudte  doit  commen- 
cer". 
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THE  25  FIRST  INTERNATIONAL  PASSENGER  TRAFFIC  FLOWS 
FROM  TOWN  TO  TOWN 
(both  way*  added)  1974  to  1978 

(thousands  of  pax.) 


Courants  de  traflc 

1974 

1978 

Average  annual 
growth 

Paris  -  Londres 

1.814,4 

2.010,9 

+  2,6 

Amsterdam  -  Londres 

l.<"7  0 

1.171,5 

4  3,3 

Dublin  -  Londres 

BU7, 4 

953,0 

+  4,2 

Copenhague  -  Stockholm 

630  ,9 

737,5 

+  4,0 

Francfort  -  Londres 

506,2 

672,0 

+  7,3 

Ath$nes  *  Londres 

324,6 

648,7 

+  18,9 

Dusseldorf  -  Palma 

441,6 

633,8 

+  9,5 

Londres  -  Zurich 

4  57  ,2 

625,5 

+  8,2 

Londres  -  Palma 

632  ,8 

618  ,8 

-  0,6 

Bruxelles  -  Londres 

560,1 

604,5 

+  1,9 

GenSve  -  Paris 

554,5 

591,2 

+  1,6 

Copenhague  -  Oslo 

423,9 

566,6 

+  7,5 

GenAve  -  Londres 

385,0 

512,6 

+  7,4 

Londres  -  Milan 

420,9 

512,3 

+  5,0 

Francfort  -  Paris 

387,6 

504  ,2 

+  6,8 

Londres  -  Rome 

424  ,4 

476,0 

+  2  ,9 

Milan  -  Paris 

406,3 

463,3 

+  3,3 

Copenhague  -  Londres 

383  0 

430  2 

+  2,9 

Londres  -  Madrid 

345  ,1 

429,2 

+  5  f> 

Paris  -  Rome 

344,1 

420  ,4 

+  5,1 

Madrid  -  Paris 

324,2 

410,3 

+  6,1 

AthAnes  -  Rome 

255,4 

405,6 

+  12,3 

Dusseldorf  -  Londres 

292,2 

392,9 

+  7,7 

Amsterdam  -  Paris 

381,2 

390,7 

+  0,6 

Londres  -  Munich 

329,8 

362,9 

+  2,4 

Total  for  25  legs 

12.861,0 

15.494,7 

+  4,8 

Dispositive  13 
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La  part  dee  facteurs  humalns  dan*  lee  accidents  d'aviatlon  mondlaux  et,  plus  partlcu- 
liArement  europAen,  montre  qu'il  exists  un  vasts  champ  d'actlon  ou  des  mesursa  peuvsnt 
Stra  prises  pour  ameilorer  la  securite. 

II  ne  peut  6tre  question  de  supprliner  radicalement  ces  facteurs  ce  qui  seralt  un  objec- 
tif  parfaltement  irr^aliste,  11  est  plus  que  probable,  en  effet,  qu'il  exists  un  mini¬ 
mum  incompressible  tenant  A  la  nature  mftme  do  l'homme.  Par  contre,  tenter  de  rAduire 
le  nombre  des  accidents  ou  d'en  minimiser  los  consequences  en  agiseant  sur  le  facteur 
humain  devrait  6tre  un  but  A  la  portae  du  monde  aAronautlque. 

Ces  constatations  ne  sont  pas  nouvelles,  mals  11  ne  semble  pas,  en  d^plt  des  nombreux 
travaux  entrepris.que  des  tentatives  tr4s  fructueuses  et,  surtout,  des  methodes  appro- 
pritSes  se  eolent  faitee  Joir. 

Ou  seul  point  de  vue  de  I'enqudteur,  s'il  estime  6tre  gAneralement  k  mSme  de  determi¬ 
ner  leo  grandes  lignes  des  facteurs  humains  ayant  contribue  k  un  accident  d'aviatlon, 

11  lui  parait  manquer  trap  eouvent  de  moyens  pour  aller  vraiement  au  fond  des  choseo 
et  formuler  ensu.tte  des  recommandations  approprieee.  C'est  dans  ce  sens  que  1'on  pour- 
rait  utllement  comprendre  cette  paraphrase  d'une  citation  connue  "loreque  les  investiga- 
tione  techniques  ont  conclu  A  1'orreur  humaine  c'eet  alors  que  I'enqudte  doit  commen- 
cer" . 
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Trenaporte  Adrian  turopden 
European  Air  Tranaport 

Acoldente  aurvenua  au  ooura  daa  anndaa  1976  4  1981 
Adronefe  da  plua  da  9  000  kg  <20  COO  lba)  Accldanta  In  tha  yeare  1976  -  1981 

Aircraft  abova  9  000  kg  (20  000  lba) 


factaura  lmputeblee  au  paraonnal 
Paraonnal  causal  factor a 


Paraonnal  an  vcl  •  73  4  % 

Paraonnal  In  tha  aircraft 


Paraonnal  au  aol  t  2 

Paraonnal  on  tha  ground  * 


Commandant  da  bord  j  Autra  membra 

Captain  d'dquipage 

Othar  craw  t  24  % 

nahar 


Control a  du  traflo  Bntratlan  avion  ..  ,  Autra  paraonnal  . 

an  vol  ...  .  Aircraft  1  '  Othar  paraonnal  ' 

Air  Traffic  1  1  maintenance 

control 


•  Inattention,  manque  -  technique  lnauffl-  -  Inattention  manque  -  mauvalaa  execution  meeuree  lnoorractee  i  40  % 

da  eurvelllence  t  22,6%  aanta  i  43,75  %  da  aurvelllence  i50%  du  travail  i  1C1-  t  -  Incorrect  eeaeuramntei40% 

-  Inattention,  lack  of  -  lnaufflclent  tech-  -  lnattantlon,  lack  of  -  poor  work  t  100  % 

eupervlalon  t  22,6  %  nlque  t  43,75  %  eupervlelon  i  50  %  -  mauve la  guidage  t  20  t 

-  poor  guidance  t  20  % 
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Aviation  PrivGe  EuropGenne  -  Eurooean  Civil  Aviation 
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Aviation  Priv§e  europ£enne  -  European  Private  Aviation 

-  NUMBERS  KILLED  AND  INJURED  PER  1 00000  HOURS  FLOWN 

-  NOMBRES  TUBS  ET  BLESSES  PAR  100000  HEURES  DE  VOL 

1964  -  1980 


20 


15 


10 


I 

I 

I 

V 

II 
II 

I. 


Killed/Tues 
In jured/Blesses 


W 


i  i  i  i  i  i 


i  i  i  i  i  l  l  I  l  l 


'64  '65  '66  '67  '68  '69'70'71  ’72  '73  7  4  '75  '76  '77  V8  '79'80 


Diapositive  19 


3-1 


THE  INFLUENCE  OF  HANDLING  QUALIFIES,  CRASHWORTHINESS,  AND  OTHER 
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Seth  G.  Anderson 

Assistant  for  Interagency  Programs 

NASA  Ames  Research  Center 
Moffett  Field,  California  94035,  U.S.A. 


SUMMARY 

From  the  early  days  of  aircraft  flight,  handling  qualities  have  had  an  important  effect  on  aircraft 
safety.  The  growth  of  aviation  has  been  slowed  by  poor  handling  qualities  in  areas  such  as  stall/spln,  static 
and  dynamic  Instabilities,  and  Inadequate  flight  path  control.  The  crashworthiness  and  pilot  survivability 
In  a  forced  landing  depend  a  great  deal  on  accurate  control  In  an  emergency  situation.  Military  handling 
qualities  specifications  have  attempted  to  Include  safety  aspects  by  limiting  degradation  of  handling  quali¬ 
ties  for  various  system  failures. 

Experience  has  shown  that  accidents  are  more  likely  to  occur  when  the  pilot  Is  given  deficient  handling 
qualities.  Gaps  exist  In  the  military  handling  qualities  specifications  because  of  the  difficulty  of  estab¬ 
lishing  realistic  limits  which  could  compromise  mission  effectiveness. 

1.  INTRODUCTION 

Most  of  us  can  appreciate  that  good  aircraft  handling  qualities  are  necessary  to  realize  the  overall 
performance  capabilities  of  an  aircraft.  Without  good  handling  qualities  it  would  be  necessary  to  restrict 
operational  use  of  an  aircraft  because  of  the  pilot's  inability  to  accurately  control  flight  path,  and  mission 
effectiveness  would  be  compromised.  It  may  not  be  as  apparent,  however,  how  handling  qualities  also  affect 
safety  and  survivability  of  the  pilot.  For  example,  an  aircraft  which  rolls  abruptly  at  the  stall  with  no 
warning  would  be  less  safe  to  operate  into  short  fields.  If  the  stall  occurs  in  the  approach,  crew  surviva¬ 
bility  may  be  questionable  because  of  insufficient  altitude  to  recover  to  a  wlngs-level  attitude  which  would 
improve  crashworthiness  aspects. 

Because  of  the  ever-expanding  flight  envelopes  of  current  and  future  aircraft,  adequate  inherent  aerody¬ 
namic  stability  and  damping  are  not  easily  obtainable,  and  more  dependence  is  being  placed  on  stability  and 
control  augmentation  systems,  thereby  raising  a  safety  question  in  the  event  of  systems  failures.  Early 
studies  (Ref.  1)  of  a  pilot's  ability  to  control  during  stability  augmentation  system  (SAS)  failure  indicated 
that  an  appreciable  transition  time  is  needed  to  adapt  to  an  SAS  failure,  and  control  of  flight  path  could  be 
lost  if  the  basic  vehicle  dynamics  are  poor.  Higher  performance  aircraft  requiring  increased  control -system 
complexity  have  therefore  had  to  face  the  problem  of  systems  failures  in  a  realistic  and  cost-effective  manner. 

From  the  beginning,  military  handling  qualities  specifications  have  attempted  to  include  safety  aspects 
by  limiting  degradation  in  handling  qualities  for  various  failure  states,  with  primary  emphasis  on  mission 
accomplishment  As  noted  in  the  dackgrcutd  ard  User  Guide  for  M-F-*765b  (AS6)  (Ref.  2),  while  survivability 
is  an  important  consideration,  it  has  not  been  possible  to  relate  any  specific  handling  qualities  requirements 
to  this  aspect. 

There  is  a  need  to  examine  the  factors  involved  in  establishing  levels  of  handling  qualities  for  the 
various  parts  of  the  flight  envelope  to  obtain  a  clearer  understanding  of  safety  and  survivability  requirements. 
In  this  regard,  there  are  two  important  considerations.  One  is  that  there  are  many  tradeoffs  involved  in 
obtaining  safety;  a  very  safe  airplane  may  lack  performance  and  not  be  competitive.  The  other  is  that  realistic 
safe  limits  of  handling  qualities  are  exceedingly  difficult  to  establish.  To  set  meaningful  limits  in  flight, 
even  with  variable  stability  and  control  aircraft,  has  proved  to  be  dangerous  at  the  extremes  of  the  flight 
envelope.  Piloted  simulators  can  be  very  helpful  with  due  consideration  for  limitations  in  realism  because 
of  finite  motion  restrictions  and  lack  of  real-life  visual  cues. 

Some  light  may  be  shed  on  the  subject  by  examining  how  handling  qualities  characteristics  bear  on  safety 
and  survivability  from  the  history  of  experience  with  different  aircraft.  An  AGARD  Symposium  in  1970  (Ref.  3) 
served  to  focus  attention  on  learning  from  past  experience  in  accidents  and  incidents,  although  handling 
qualities  per  se  were  not  examined  from  safety,  crashworthiness,  and  survivability  standpoints.  It  is  not 
possible  to  make  a  systematic  investigation  of  all  safety  problems,  but  merely  to  review  several  pertinent 
examples. 

The  purpose  of  this  paper  is  to  examine  the  relationship  of  handling  qualities  to  safety,  crashworthiness, 
and  survivability  with  the  following  guidelines; 

•  Point  out  which  handling  qualities  are  of  greatest  concern 

•  Discuss  gaps  in  knowledge 

•  Help  define  methods  to  improve  flight  safety 

The  scope  o'  the  presentation  will  include  the  following:  (1)  a  brief  discussion  of  the  philosophy  used 
in  the  military  specifications  for  treatment  of  degraded  handling  qualities,  (2)  an  examination  of  several 
examole  handling  qualities  problem  areas  which  influence  safety,  and  (3)  a  movie,  slides,  and  viewgraphs  are 
used  to  illustrate  the  potential  dangers  of  inadequate  handling  qualities  features. 
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2.  RESULTS  ANO  DISCUSSION 

2.1  Military  Handling  Qualities  Specifications  Framework 

In  the  following  discussion,  the  structure  of  military  handling  qualities  specifications,  primarily 
those  used  by  the  U.S.A.  (Ref.  4)  and  U.K.  (Ref.  5),  are  reviewed  briefly  to  indicate  the  degree  to  which 
safety  and  survivability  are  included  in  setting  up  specifications  for  piloted  aircraft.  First,  it  is 
necessary  to  understand  the  purpose  or  use  of  the  specifications  as  contained  in  Ref.  4,  p.  58. 

"Intended  Use.  This  specification  contains  the  flying  qualities  requirements  for  piloted  airplanes  and 
forms  one  of  the  bases  for  determination  by  the  procuring  activity  of  airplane  acceptability.  The  specifica¬ 
tion  serves  as  design  requirements  and  as  criteria  for  use  in  stability  and  control  calculations,  analysis  of 
wind-tunnel  test  results,  flying  qualities  simulation  tests,  and  flight  testing  and  evaluation.  The  require¬ 
ments  are  intended  to  assure  adequate  flying  qualities  regardless  of  design  implementation  of  flight  control 
system  mechanization.  To  the  extent  possible,  this  specification  should  be  met  by  providing  an  inherently 
good  basic  airframe.  Where  that  is  not  entirely  feasible,  or  where  inordinate  penalties  would  result,  a 
mechanism  is  provided  herein  to  assure  that  the  flight  safety,  flying  qualities,  and  reliability  aspects  of 
dependence  on  stability  augmentation  and  other  forms  of  system  complication  will  be  considered  fully." 

2.2  Levels  of  Flying  Qualities 

The  primary  manner  in  which  the  military  specifications  indirectly  account  for  flight  safety  is  by 
stating  the  handling  qualities  requirements  in  three  levels.  These  are  noted  as  follows: 

•  Level  1  -  Flying  qualities  clearly  adequate  for  the  mission  Flight  Phase 

•  Level  2  -  Flying  qualities  adequate  to  accomplish  the  mission  Flight  Phase,  but  some  increase  in  pilot 

workload  or  degradation  in  mission  effectiveness,  or  both 

•  Level  3  -  Flying  qualities  such  that  the  aircraft  car.  be  controlled  safely,  but  pilot  workload  is 

excessive  or  mission  effectiveness  is  inadequate,  or  both 

Thus,  it  can  be  inferred  that  the  aircraft  can  always  be  flown  safely,  since  operation  below  Level  3  is  not 
permitted.  Unfortunately,  the  evaluation  upon  which  the  requirements  are  based  was  obtained  with  only  one 
"bad"  value  of  handling  qualities.  Indications  are.  however,  that  combined  degradation  of  two  or  more  factors 
can  be  significantly  worse  than  degradation  by  any  one  parameter  alone.  There  are  too  little  data  to  treat 
the  problem  adequately;  however,  some  confidence  of  success  is  gained  by  including  probability  of  failures. 
Limited  degradation  of  handling  qualities  (e.g.,  Level  1  to  Level  2)  is  acceptable  if  the  combined  probability 
of  degradation  is  small.  If  the  probability  of  failure  is  high,  then  no  degradation  of  handling  qualities  is 
allowed. 

There  is,  of  course,  a  direct  association  between  the  three  levels  of  acceptability  and  the  currently 
used  Cooper-Harper  pilot  rating  scale.  This,  in  turn,  provides  at  least  a  qualitative  means  of  relating 
handling  qualities  to  safety,  since,  for  example,  a  high  rating  of  10  implies  all  control  is  lost,  and  a  safe 
landing  cannot  be  effected. 

The  U.K.  and  French  handling  qualities  specifications  tend  to  follow  those  of  the  U.S.A.  Clearly,  addi¬ 
tional  effort  is  needed  to  define  more  directly  how  values  of  handling  qualities  can  make  for  safer  aircraft, 
particularly  since  cost-effectiveness  must  be  an  important  consideration. 

2.3  Handling  Qualities  Problem  Areas 

In  the  following  paragraphs,  aircraft  operat.ng  experience  is  reviewed  to  illustrate  how  aircraft 
handling  qualities  can  be  responsible  for  unsafe  operation.  The  aircraft  include  both  conventional  and 
V/STOL  types.  The  main  points  to  be  made  are  whether  adequate  handling  qualities  requirements  are  at  hand 
and  to  outline  where  future  research  is  needed. 

2.3.1  Control  Power.  Control  power  is  the  one  handling  item  that  can  set  the  boundary  of  the  operational 
flight  envelope  for  any  type  of  aircraft.  The  importance  of  the  need  for  adequate  control  power  is  clearly 
demonstrated  in  operation  of  V/STOL  aircraft  where  only  minimum  values  of  control  power  are  supplied  because 
of  the  adverse  effect  on  performance  when  the  propulsion  system  must  generate  vertical  lift  as  well  as  control 
forces.  Flight  experience  with  a  wide  variety  of  V/STOL  aircraft  has  shown  that  control  about  the  roll  axis 
has  been  more  critical  for  safety  reasons  than  for  any  other  axis.  Many  of  the  various  V/STOL  aircraft  flown 
have  been  involved  in  accidents  or  incidents  due  primarily  to  roll-control  power  problems.  This  is  because 
V/STOL  operation  requires  quick,  precise,  bank  angle  control  for  lateral  positioning,  for  counteracting  the 
effect  of  crosswinds  in  approach  and  landing,  and  for  minimizing  height  loss  in  hover.  The  total  roll  control 
power  depends  on  many  factors,  the  details  of  which  are  discussed  in  Ref.  6.  Of  immediate  interest  for  this 
discussion  are  the  following  major  requirements  for  roll  control: 

•  Control  needed  for  upset  (due  to  gusts,  recirculation,  ground  effect,  etc.) 

•  Control  needed  for  timing 

•  Control  needed  fo r  maneuvering 

Of  the  foregoing,  the  amount  of  control  power  required  for  maneuvering  is  the  primary  item  defined  in  the 
military  specifications.  The  am  sunt  of  control  needed  to  counteract  upset  due  to  gust  air  and  self-induced 
flow  effects  in  ground  proximity  has  proved  to  be  one  of  the  major  reasons  for  increased  demands  for  roll 
control  power  for  most  V/STOL  aircraft.  An  example  of  this  problem  is  discussed  in  Ref.  7.  These  flight  test 
studies  of  the  Bell  X-14B  jet-lift  VTOL  aircraft,  shown  in  Fig.  1,  indicated  that  of  the  total  amount  of  roll 
control  power  available  (approximately  1.0  rad/sec2  angular  acceleration),  60  percent  (0.6  rad/sec2)  was 
required  just  to  fly  the  aircraft  in  and  out  of  ground  effect  on  a  calm  day.  It  is  noteworthy  that  this 
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aircraft  was  damaged  In  hover  operation  on  four  separate  occasions,  primarily  because  of  inadequate  roll 
contrjl  power.  These  accidents  occurred  because  It  was  not  possible  for  the  pilot  to  correct  for  lateral 
side  drift  or  maintain  a  wlngs-level  attitude  at  touchdown  In  the  presence  of  ground  disturbances.  In  none 
of  the  incidents  was  the  pilot  Injured.  Primarily  because  of  the  low  altitude  used  in  hover  (approximately 
10  feet),  the  cockpit  accelerations  experienced  at  touchdown  were  small,  and  crashworthiness  of  the  structure 
was  sufficient  to  prevent  pilot  injury. 

The  X-14  aircraft  was  not  equipped  with  an  ejection  seat.  This  raises  an  interesting  question  on  surviv¬ 
ability  when  the  pilot  must  stay  with  the  aircraft  because  of  no  escape  possibilities.  As  noted  in  the  fol¬ 
lowing  discussion,  an  escape  means  is  not  always  a  guarantee  for  success. 

In  carrying  out  a  transition  from  conventional  to  powered-lift  flight,  a  fatal  accident  occurred  with  the 
XV- 5  fan-in-wing  VTOL  aircraft  shown  In  Fig.  2.  The  Item  related  to  handling  qualUies  in  this  example  was 
the  pitch  trim  change  which  occurred  with  configuration  and  airspeed  changes.  For  an  unknown  reason,  the  pilot 
actuated  the  CT0L/VT0L  mode  selection  switch  which  preprogrammed  the  horizontal  stabilizer  to  a  leading-edge-up 
setting  at  too  high  an  airspeed.  The  resulting  nose-down  pitching  moment  could  not  be  trimmed  out  by  elevator 
deflection  as  the  airplane  proceeded  toward  the  ground  at  a  45°  nose-down  attitude.  The  pilot  ejected  just 
prior  to  ground  contact;  however,  the  chute  did  not  have  time  to  inflate  to  arrest  the  relatively  high  sink 
rate.  It  is  of  interest  to  note  that  the  accident  would  have  been  survivable  had  the  pilot  attempted  his 
escape  earlier.  Undoubtedly,  a  compelling  reason  for  staying  with  the  aircraft  was  to  try  to  regain  pitch 
attitude  control  in  view  of  a  large  audience  of  press  and  military  personnel  who  had  come  to  watch  the  novel 
performance  capabilities  of  this  VTOL  concept. 

In  another  case,  a  fatal  hover  landing  accident  occurred  with  another  XV-5A  aircraft  due  to  foreign  object 
damage  (F.O.D.)  in  one  of  the  lift  fans.  Because  of  loss  of  roll  (attitude)  control,  the  pilot  elected  to 
eject  just  as  the  aircraft  hit  the  ground.  Escape  was  not  successful  because  the  angular  accelerations  imposed 
on  the  seat  mechanism  at  touchdown  tilted  the  seat  trajectory  away  from  the  vertical  so  that  the  chute  was  not 
fully  deployed.  An  inspection  of  the  wreckage  indicated  that  the  accident  would  have  been  survivable  had  the 
pilot  elected  to  stay  with  the  aircraft.  Had  the  pi  let  appreciated  We  crashworthiness  of  the  fuselage  struc¬ 
ture,  he  may  not  have  elected  to  use  the  ejection  seat. 

A  point  for  discussion  is  whether  the  VTOL  handling  qualities  specifications  adequately  cover  the  pilots' 
needs  frr  control.  The  U.S.  VTO.  military  specifications  (Ref.  B)  do  not  delineate  specific  values  of  control 
power  'or  trim  or  upset,  although  A6ARD  Report  577  (Ref.  6)  does.  For  a  degraded  system,  a  reduction  in  roll 
control  power  to  approximately  one-half  of  that  required  for  normal  operation  is  given  in  Ref.  8.  Unfor¬ 
tunately,  it  is  very  difficult  to  determine  from  flight  tests  whether  safe  operation  can  be  assured  with  a 
degraded  system.  A  piloted  motion-simulator  study  (Ref.  9)  indicated  that  substantially  larger  values  of 
control  power  are  required  for  safe  operation  with  a  degraded  control  system.  At  present,  tne  specifications 
are  based  on  very  limited  operational  experience  and  certainly  do  not  reflect  IFR  night  operation  in  atmo¬ 
spheric  turbulence.  Until  more  data  can  be  gathered  and  analyzed,  a  realistic  approach  to  roll-control  power 
requirements  for  V/STOL  aircraft  cannot  be  achieved.  Therefore,  caution  should  be  exercised  in  carrying  out 
flight  Usts  with  new  coricapts,  tine*,  as  noted  by  the  foregoing  and  in  the  following  paragraphs,  experience 
has  Indicated  some  lack  of  success  In  these  areas. 

2.3.2  Positive  Dihedral  Effect  and  Yaw-Roll  Cross-Coupling.  One  of  the  most  critical  requirements  for  roll 
contrcfpbuer  ftr  V/STOL  aircraft  f n  In*  spend  flight  has  b<*en  that  needed  tc  trim  In  sideward/sideslip  flight 
and  yawing  maneuvers.  The  apparent  dihedral  effect  (roll  moment  due  to  sideslip)  differs  for  each  VTOL  con¬ 
cept  because  of  the  difference  In  magnitude  of  rolling  moment  introduced  from  both  aerodynamic-  and  engine- 
induced  flow  sources.  This  condition  can  be  generated  even  in  hover  operation  by  turning  out  of  a  headwind  or 
by  making  wlngs-level  (skidding)  turns  in  air  taxiing.  The  dire  consequences  of  excessive  yaw-roll  cross- 
coupling  have  been  sadly  overlooked  In  flight  testing  such  VTOL  aircraft  as  the  Balzac.  Mirage  III-V,  SC-1, 
P-1127,  Harrier,  and  XV-5A,  all  of  which  have  been  damaged  in  accidents.  Adding  to  the  severity  of  the  prob¬ 
lem  is  the  fact  that  the  pilot  may  not  Instinctively  apply  the  correct  control  input  to  reduce  the  roll  excur¬ 
sion.  For  example,  use  of  the  roll  control  to  reduce  the  bank  angle  divergence  resulting  from  the  positive 
dihedral  effect  generated  In  a  skidding  turn  may  only  serve  to  aggravate  the  situation  because  of  adverse 
yawing  moment  generated  by  aileron  deflection.  The  problem  can  be  very  serious  because  of  the  lack  of  warning 
and  short  adaptation  time  available.  Rudder  control  would  be  more  effective  in  controlling  the  roll  off  by 
reducing  sideslip. 

The  V/STOL  military  specifications  requirement  (Ref.  8)  places  a  limit  on  positive  dihedral  effect  by 
stating  that  no  more  than  50  percent  of  the  roll  control  power  available  to  the  pilot  should  be  required  for 
sideslip  angles  which  might  be  experienced  in  service  employment.  Although  the  intent  of  this  reguirement  is 
to  provide  some  maneuvering  capability  during  crosswind  operation,  there  are  several  deficiencies  in  this 
requirement.  First,  there  are  no  allowances  for  control  systems  failures.  Second,  an  arbitrary  value  of 
50  percent  roll  control  margin  may  not.  In  fact,  adequately  protect  against  sudlcr  maneuvers  such  as  turning 
out  of  a  strong  headwind.  Finally,  no  provision  Is  made  to  warn  the  pilot  of  Impending  disaster.  A  warning 
margin  similar  to  that  required  in  conventional  stall  approaches  may  be  needed,  since  the  loss  in  altitude  due 
to  an  upset  clcst  to  the  ground  is  as  serious  as  t^at  resulting  from  stalling  the  wing.  A  warning  system  has, 
in  fact,  been  added  to  the  rudder  pedals  of  the  Harrier  to  aid  the  pilot's  response  to  suppress  sideslip.  The 
significance  of  the  need  for  a  warning  requirement  was  brought  out  by  a  fat?l  accident  to  a  USAF  pilot  flying 
a  Harrier,  tn  this  ease,  a  skidding  turn  was  made  at  approximately  &D  knots  where  directional  stability  was 
Insufficient  to  keep  sideslip  small  so  that  the  rolling  moment  could  be  offset  by  aileron  control.  The 

aircraft  banked  over  90°  in  about  2  seconds  before  the  pilot  elected  to  escape.  Survivability  can  be  mar¬ 

ginal  with  this  type  of  handling  qualities  deficiency  because  the  aircraft  will  strike  the  ground  in  a  wing 
down  attitude.  In  this  case  the  pilot  was  unwilling  to  accept  that  he  had  lost  control  of  roll  attitude  (he 
had  applied  full  aileron  deflection  against  the  roll). 

2.3.3  Longitudinal  Static  Stability.  Historically,  handling  qualities  specifications  have  required  positive 

static  stability  to  prevent  divergences  in  airspeed  and  angle  of  attack  which,  if  undetected  by  the  pilot, 
could  result  in  an  unsafe  flight  situation  by  not  having  sufficient  control  available  for  recovery.  When  an 
unstable  variation  of  pitch  control  surface  with  airspeed  is  large,  the  aircraft  My  diverge  (slow  up)  faT 

enough  from  the  trim  speed  to  a  point  where  even  with  the  pitch  control  applied  full  nose-down,  the  airspeed 

could  continue  to  decrease  with  catastrophic  consequences  if  at  low  altitude. 
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A  classic  example  of  the  potential  danger  of  this  situation  occurred  with  an  F-100  aircraft  (shown  In 
Fig,  3)  during  an  attempted  go-around  at  Edwards  Air  Force  Base,  California,  In  the  1950s.  In  this  fatal 
accident,  the  pilot  was  attempting  to  land  on  a  selected  portion  of  the  runway  which  had  been  surfaced  with 
fire  extinguisher  foam  to  alleviate  the  effect  of  a  misaligned  nose  wheel  on  touchdown.  Because  the  pilot 
was  unable  to  position  the  aircraft  accurately  over  the  foamed  area  on  the  runway  (In  part  because  of  poor 
handling  qualities  at  low  speeds),  he  applied  power  to  go  around  for  another  approach.  Unfortunately,  In  his 
desire  to  land  as  slowly  as  possible,  the  aircraft  was  being  operated  on  the  backside  of  the  power-required 
curve  such  that  climbing  flight  could  not  be  achieved  even  with  full  afterburner  power.  Both  longitudinal  and 
lateral  directional  control  deteriorated  Irrevocably  at  low  speed.  The  motions  of  the  aircraft,  classically 
known  as  the  "Sabre  Dance,"  dramatically  portray  the  problem  of  safety  and  survivability  when  handling  quali¬ 
ties  deteriorate.  Of  special  Interest  Is  the  large  nose-up  attitude  achieved  In  the  go-around  attempt. 

Although  no  data  were  available  from  the  accident,  flight  test  results  from  an  F-100A  (Ref.  10)  indicate  that 
pitch  instability  would  be  encountered  for  angles  of  attack  greater  than  20°.  In  addition  to  the  problem  of 
flying  an  unstable  aircraft,  the  proximity  of  the  ground,  the  poor  forward  visibility,  and  lack  of  nose-down 
control  made  It  difficult  for  the  pilot  to  achieve  the  correct  angle  of  attack  for  go-around.  His  instinctive 
choice  of  adding  thrust  to  accelerate  out  of  the  problem  area  cost  him  his  life.  Had  he  recognized  the  impend¬ 
ing  loss  of  control,  he  could  have  reduced  power  and  landed  (gear  up)  on  the  remaining  10,000  feet  of  runway. 

The  military  specifications  of  Ref.  4  do  not  permit  basic  airframe  instability  except  for  approved  Special 
Failure  States  when  artificial  stability  Is  provided.  Although  aircraft  which  have  attitude  command  or 
maneuver  conmand  types  of  SAS  can  be  quite  stable  with  respect  to  external  disturbances,  safety  comparable  to 
that  of  the  stable  basic  aircraft  must  be  sought  for  failure-state  situations.  Because  the  SAS  may  use  large 
amounts  of  control  for  artificial  stability,  the  relative  authority  and  interactions  of  command,  augmentation, 
and  trim  functions  must  be  given  careful  consideration  for  safety  and  survivability  reasons.  Of  special 
concern  Is  the  operation  of  V/STOL  aircraft  which  use  powered-lift  for  slow-speed  flight.  The  current  V/STOL 
U.S.  military  specifications  (Ref.  8)  do  not  address  STOL  operations  per  se,  but  do  allow  for  degraded  (fail¬ 
ure)  state  conditions  where  (limited)  static  Instability  can  occur. 

The  point  to  consider  here  Is  that  for  aircraft  with  high  authority  SAS,  and  particularly  for  the  STOL 
types  with  more  reliance  on  powered-lift,  careful  attention  must  be  paid  to  assure  safety  and  surviva¬ 
bility  not  only  during  normal  failure  conditions,  but  also  as  a  result  of  battle  damage  to  the  flight  control 
system.  Attitude  divergences  must  not  be  so  severe  that  pilot  escape  is  compromised.  The  ability  to  maintain 
wings-level  control  even  In  a  crash  can  greatly  affect  the  crashworthiness  of  the  aircraft. 

2.3.4  Longitudinal  (Pitch)  Maneuvering  Characteristics  Related  to  PIO.  Short-period  natural  frequency,  short- 
period  damping  ratio,  and  stick  force  per  g  are  the  primary  parameters  which  influence  the  pilot's  opinion  of 
the  pitch  maneuvering  characteristics.  With  certain  values  and  combinations  of  these  parameters,  pilot-induced 
oscillations  (PIO)  may  occur.  The  PIO  problem  is  of  direct  interest  because  of  the  potential  danger  to  safety 
and  survivability  of  the  pilot  when  this  type  of  Instability  Is  encountered.  Historically,  PIO  has  occurred 
since  early  flight  days  and  is  caused  by  the  pi’ot  phasing  his  control  inputs  to  amplify,  rather  than  atten¬ 
uate,  the  aircraft's  dynamic  response.  PIO,  which  Is  a  divergent  oscillation  of  the  coupled  pi  lot -aircraft 
system,  has  become  a  more  serious  problem  by  the  Increased  emphasis  on  low-altitude,  high-speed  flight  where 
even  small  changes  in  flight-path  angle  result  in  large  structural  loads. 

There  are  many  factors  which  determine  the  susceptibility  of  an  aircraft  to  PIO,  including  the  pitch 
short-period  dynamics,  control  systems  dynamics,  feel  system  phasing,  control  force  and  motion  gradients,  and 
control  system  friction  and  lost  motion.  In  Ref.  4,  requirements  have  been  established  to  prevent  PIO;  how¬ 
ever,  the  problem  is  not  well  enough  understood  at  the  present  time  to  guarantee  that  the  PIO  problem  will  be 
nonexistent  lr  rew  designs.  Ar  unknown  dominant  factor  Influencing  fit  Is  the  pilot's  trternai  gal*  as  p*rt 
of  a  servo  system.  It  is  beyond  *he  scope  of  this  paper  to  go  into  details  of  the  various  predictive  tech¬ 
niques  to  avoid  PIO.  Instead,  several  examples  of  the  PIO  problem  are  reviewed  In  the  following  paragraphs 
to  assess  safety  and  survivability  aspects. 

One  of  the  more  classic  PIO  accidents  occurred  when  a  Navy  pilot  in  an  F-4  Navy  aircraft  attempted  a 
speed  record  run  at  low  altitude  near  Albuquerque,  New  Mexico,  on  May  18,  1961.  The  aircraft  had  attained  a 
speed  of  approximately  Mach  1.1,  200  ft  above  ground  level,  when  the  PIO  resulted  in  structural  breakup  of 
the  aircraft.  From  the  record  of  the  aircraft  response  shown  in  Tig.  4,  tiie  suddenness  of  Hit  divergent 
motion  can  be  appreciated.  It  can  be  seer,  that  in  a  period  of  slightly  less  than  2  sec  the  aircraft  reached 
14  g  and  three  oscillations  occurred.  Survivability  in  this  case  was  virtually  impossible  because  of  the 
abruptness  erf  the  oscillation  and  the  fact  Chat  the  aircraft  completely  disintegrated  and  caught  flic  in  the 
air. 


Although  the  accident  was  Investigated  thoroughly  and  the  factors  conducive  to  the  unintentional  flight- 
path  deviation  were  reasonably  well  understood,  the  exact  reason  why  the  pilot  encountered  the  PIO  was  never 
completely  answered.  In  a  piloted  motion-simulator  study  conducted  after  the  accident,  it  was  determined  that 
for  this  flight  condition,  the  tendency  toward  PIO  was  markedly  increased  if  the  elevator  stick  forces  were 
net  carpi etoly  telnmcd.  In  addltlcn,  the  cscllleticn*  wruld  temp  cut  If  the  filet  relaxed  hts  held  <jn  the 
stick.  In  this  regard.  It  was  known  that  It  was  customary  for  the  Navy  pilot  who  flew  the  F-4  to  hold 
approximately  20  lb  push  force  In  his  practice  high-speed,  low-altitude  runs  to  provide  a  nose-up  safety  margin 
In  the  event  he  was  distracted  and  relaxed  pressure  on  the  control  stick.  Other  possible  reasons  proposed  for 
the  PIO  Included  loss  of  the  pitch  damper  and  the  fact  that  the  Mach  trim  compensator  had  failed,  resulting 
In  a  requirement  for  the  pilot  to  hold  a  pull  force  to  keep  from  descending  too  close  to  the  ground.  In  this 
event,  it  Is  understandable  that  the  pilot  could  not  relax  his  hold  on  the  stick  to  alleviate  the  PIO  tendency. 
For  subsequent  high-speed,  low-altitude  operation,  pilots  were  warned  to  keep  the  aircraft  trimmed,  and  no 
further  performance  restrictions  were  necessary  for  the  F-4  aircraft. 

Historically,  studies  have  shown  that  of  the  possible  causes  of  PIO,  the  use  of  bobweights  has  been  a 
major  contributor.  Aircraft  such  as  the  A-4D-?  and  T-38  had  experienced  PIO  during  their  development  cycle, 
requiring  tailoring  of  the  bobwelght  system  to  alleviate  the  problem.  It  is  important  to  note,  however,  that 
with  the  current  trend  toward  highly  augmented  aircraft  with  poor  short-period  damping  of  the  basic  airframe, 
particularly  when  operated  at  high  altitudes,  PIO  problems  could  arise  even  without  bobweights  being  employed. 
Complex  SAS  have  a  tendency  to  Introduce  higher  order  dynamics  in  the  control  response  with  the  ever-lurking 
possibility  of  PIO. 
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Another  Item  of  possible  concern  is  when  a  side  controller  is  used  Instead  of  a  center  stick.  Much 
less  research  has  been  conducted  to  optimize  control  characteristics  for  side  controllers,  with  the  possibility 
of  PIO.  This  point  is  demonstrated  by  a  recent  fatal  PIO  accident  on  takeoff  of  a  BD-5  jet  aircraft  (Fig.  5) 
which  employs  a  side  controller.  In  this  case,  the  pilot  was  attempting  his  first  flight  and  overcontrolled 
seriously  enough  to  snap  roll  the  aircraft  Inverted.  Having  flown  the  BD-5-J  myself,  I  can  appreciate  how  an 
overanxious  pilot  could  encounter  a  PIO  when  in  close  proximity  to  the  ground.  The  combination  of  light  con¬ 
trol  forces  (2  lb/g),  lack  of  stick  centering,  and  good  dynamic  response  of  the  aircraft  requires  a  short 
adaptation  time  -  not  much,  perhaps  only  5  sec  -  and  many  pilots  have  flown  it  without  causing  PIC).  Again,  the 
PIO  can  be  alleviated  by  merely  relaxing  the  pilot's  grip  on  the  controller. 

Another  more  recent  PIO  example  occurred  with  the  YF-16  aircraft  during  initial  flight  trials  in  January 
1974.  In  this  case,  the  pilot  was  attempting  to  "feel  out"  the  control  response  by  raising  the  nose  of  the 
aircraft  at  high  taxi  speeds.  Upon  rotating  to  about  10°  nose-up  attitude  at  an  airspeed  somewhat  in  excess 
of  130  knots,  the  aircraft  unexpectedly  lifted  off  with  a  roll-off  to  the  left.  In  correcting  with  a  right- 
wing-down  command,  a  series  of  oscillations  occurred  primarily  in  roll.  A  time  history  of  the  takeoff  run 
(shown  In  Fig.  6)  Indicated  that  the  PIO  persisted  for  approximately  15  sec  at  a  frequency  less  than  1  Hz. 
Relatively  high  roll  rates  were  being  commanded  (approximately  50°/sec)  resulting  in  both  position  and  rate 
limiting  of  the  control  system.  Due  to  the  combination  of  very  high  pilot  gain  and  the  control  system  lag 
at  the  high  input  frequencies,  the  pilot's  input  commands  were  180°  out  of  phase  with  the  aircraft  response. 

Because  of  the  heading  deviation  which  occurred  during  the  run,  the  pilot  elected  to  add  intermediate 
power  and  go  around  rather  than  to  try  to  steer  the  aircraft  back  to  the  runway.  A  shallow  climb  to  the  left 
was  initiated  and  no  further  serious  PIO  problems  occurred  throughout  the  remainder  of  the  short  flight.  No 
sideslip  was  noted  by  the  pilot  during  the  large-amplitude  roll  oscillations  which  the  pilot  judged  were  the 
most  serious.  It  is  interesting  to  note  that  once  away  from  the  ground  the  pilot  decreased  his  gain  to  where 
no  further  lateral  PIO  problem  developed.  A  special  point  of  Interest  in  this  case  is  the  fact  that  with  the 
100  percent  authority  fly-by-wire  system  used  on  the  YF-16  aircraft,  the  aircraft  control  system  gain  was  eas¬ 
ily  changed  to  alleviate  any  further  PIO  tendencies  without  sacrificing  other  desired  aircraft  characteristics. 

Another  aircraft  which  has  experienced  pitch  PIO  problems  Is  the  YF-12  shown  in  Fig.  6.  This  aircraft  is 
of  special  interest  because  of  its  unusual  configuration  and  high-performance  capabilities.  The  PIO  has  been 
encountered  during  aerial  refuel Ing  where  the  pilot  must  fly  close  to  a  tanker  and  maintain  the  position  for 
several  minutes.  This  task  results  in  high  pilot  workload  because  It  requires  tight,  precise,  attitude  con¬ 
trol.  Although  the  handling  qualities  of  the  YF-12  are  generally  considered  to  be  good  for  the  refueling  task, 
the  pilot  can  be  disturbed  initially  by  a  bobbing  (structural  flexing)  of  the  cockpit  which  triggers  a  coupled 
SAS  and  short-period  pitch-structural  mode.  The  Interaction  tendency  increases  with  increases  in  fuel  load¬ 
ing.  For  the  most  part,  the  amplitudes  of  the  PIO  have  been  small,  with  a  frequency  of  approximately  1  cps, 
and  during  the  early  portion  of  refueling  (lighter-weight  condition),  the  PIO  was  considered  to  be  only  a 
minor  annoyance.  In  a  few  instances,  however,  large  control  inputs  and  large-amplitude  pitch  (g)  responses 
have  been  experienced.  The  PIO  was  triggered  in  one  case  by  an  overshoot  (runway)  in  the  longitudinal  trim 
system.  A  time  history  of  this  PIO  is  shown  in  Fig.  7  where  the  pilot  attempts  corrective  action  to  keep  the 
aircraft  from  reaching  a  structural  g  limit.  Note  the  rapid  build-up  in  normal  acceleration  which  persisted 
for  several  seconds. 

An  analysis  of  the  longitudinal  PIO  tendencies  of  the  YF-12  aircraft  by  Smith  and  Berry  (Ref.  11)  showed 
that  the  large-amplitude  PIO  can  result  from  a  rate  limiting  of  the  SAS  and  control  position  saturation,  which, 
in  turn,  caucet  a  phate  lag  and  reduced  damping.  The  potential  tafety  problem  If  a  large- amplitude  fill  vccurt 
is  a  possible  collision  with  the  tanker  or  structural  breakup  of  the  aircraft. 

2.3.5  Lateral-Directional  PIO  (Roll  Coupling).  In  general,  experience  has  indicated  that  lateral-directional 
oecIllaTTons ,  although  prevalent  or  many  type*  of  aircraft,  have  not  preuer  to  be  quite  «  terfewt  *  problem 
from  safety  and  survivability  standpoints  as  longitudinal  PIO.  There  have  been  some  notable  exceptions  to 
this,  however,  and,  because  of  the  complex  interaction  of  many  factors  which  govern  the  lateral-directional 
behavior  of  an  aircraft,  there  Is  no  absolute  assurance  that  future  problems  will  not  occur.  The  lateral  PIO 
can  occur  in  several  forms  including  the  classic  Dutch-roll  instability,  a  coupled  roll-spiral  mode,  or  a 
roll-coupled  inertial  oscillation.  Key  parameters  which  influence  lateral-directional  PIO  are  numerous  and 
include  the  Dutch-roll  frequency  and  damping,  roll-mode  time  constant  (roll  damping),  roll  control  sensitivity, 
control  system  dynamics,  roll-spiral  mode  coupling,  adverse  yaw,  directional  stability,  inertial  (gyroscopic) 
characteristics,  side  force  characteristics,  and  dihedral  effect.  In  the  Interest  of  brevity,  no  complex 
analysis  of  the  problem  will  be  attempted,  but  a  few  flight  experiein.es  will  be  reviewed  tu  serve  as  exain^les 
of  where  to  focus  attention  for  future  improvements  In  safety  and  survivability. 

The  landing  and  takeoff  flight  regimes  pose  the  greatest  potential  hazards  for  serious  consequences  of 
lateral-directional  PIG.  This  Is  because  altitude  can  be  lost  quite  Suddenly  in  an  utitoordi bated  bank,  atti¬ 
tude,  particularly  for  VT0L  aircraft.  High-altitude  operation  can  also  be  a  problem  because  of  the  reduced 
aerodynamic  damping,  and  if  the  dynamic  pressure  is  high,  the  structural  limits  of  the  aircraft  can  be  reached 
easily  in  yaw  maneuvers. 

One  early  example  of  the  lateral-directional  PIO  problem  for  VT0L  aircraft  occurred  in  a  flight  of  the 
French  Balzac  delta  wing,  jet-11 ft/VTOL  concept  described  in  Ref.  12.  This  aircraft  employed  eight  RB  108 
turbojet  engines  in  the  fuselage  for  vertical  flight,  with  a  conventionally  mounted  Orpheus  let  engi'c  for 
cruise.  This  aircraft,  In  common  with  other  jet-lift  types,  experienced  a  relatively  large  rolling  moment  with 
sideslip  (positive  dihedral  effect)  which  in  forward  flight  Increased  in  severity  with  increase  in  angle  of 
attack.  Large  dihedral  effect  in  combination  with  low  Dutch-roll  damping,  was  the  primary  cause  of  a  fatal 
accident  while  the  pilot  was  attempting  to  enlarge  the  flight  envelope  by  exploring  the  transition  ccrrldor. 
Large-amplitude  roll  oscillations  occurred  as  a  result  of  insufficient  roll  control  power  to  counteract  the 
rolling  moment  due  to  sideslip,  and  a  large  phase  lag  between  pilot  input  and  aircraft  response  persisted  for 
several  cycles.  The  aircraft  motion  was  typical  of  a  “falling  leaf"  maneuver  in  which  altitude  loss  can  occur 
more  quickly  for  VT0L  aircraft  when  the  angle  of  bank  exceeds  90°  because  the  engine  thrust  now  acts  in  an 
unfavorable  (downward)  direction.  The  pilot  of  the  aircraft  was  outstanding  in  his  ability  to  control  VT0L 
aircraft,  having  flown  the  X-14  VSS  aircraft  with  very  low  control  power  at  Ames  Research  Center  in  1963.  He 
had  almost  Jamped  the  oscillation  just  as  the  aircraft  struck  the  ground.  Adding  to  the  problem  with  VTCL 
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aircraft  Is  the  large  magnitude  of  thrust  tending  to  help  overturn  the  aircraft  on  ground  contact  and  crush 
the  cockpit  structure,  thereby  making  survival  more  difficult. 

The  lesson  to  be  learned  here  is  that  this  type  of  lateral  disturbance  can  be  dangerous  because  the  pilot 
believes  he  can  damp  the  oscillation  in  the  next  cycle;  unfortunately,  because  of  the  large  (90°)  bank  angles 
attained,  altitude  is  lost  very  rapidly,  and  the  close  ground  proximity  contributes  to  the  pilot's  overcon¬ 
trolling  tendencies. 

Another  form  of  lateral  divergent  oscillation,  a  coupled  roll-spiral  mode,  can  occur  with  a  certain  com¬ 
bination  of  lateral-directional  aerodynamic  parameters.  This  type  of  lateral  PIO  occurred  on  three  occasions 
with  the  M2-F2  lifting-body  vehicle  (shown  In  Fig.  8)  in  the  low-angle-of-attack,  final  approach,  preflare 
situation.  The  oscillation  on  the  last  flight  was  severe  enough  to  contribute  to  a  gear-up  landing  in  which 
the  vehicle  was  extensively  damaged  and  the  pilot  severely  injured. 

A  systems  analysis  of  the  PIO  reported  In  Ref.  13  was  performed  using  predicted  aerodynamic  stability  and 
control  derivatives  for  the  condition  in  which  the  PIO  occurred.  The  formation  of  the  coupled  roll-spiral  mode 
was  attributed  to  the  large  effective  dihedral,  large  positive  yawing  moment  due  to  roll  rate,  low  roll  damp¬ 
ing,  and  large  adverse  yawing  moment  due  to  aileron  deflection.  The  situation  was  aggravated  by  coordinated 
use  of  the  rudder  when  the  pilot  attempted  to  control  bank  angle  precisely.  A  lower  angle  of  attack  increased 
the  PIO  because  roll  damping  decreased. 

A  time  history  of  the  PIO  is  shown  In  Fig.  9.  Note  that  the  Initial  roll  was  due  to  sideslip  and  very 

large  roll  rates  occurred.  The  pilot  knew  from  simulator  studies  that  it  was  possible  to  damp  the  oscillation 

by  increasing  the  angle  of  attack.  Even  though  control  was  regained  prior  to  touchdown,  the  PIO,  combined  with 
the  presence  of  a  helicopter  In  the  landing  pattern,  distracted  the  pilot  so  that  he  inadvertently  forgot  to 
extend  the  gear  (which  normally  was  extended  just  before  touchdown  in  order  to  maximize  L/D),  and  the  aircraft 
tumbled  end-over-end  on  the  lake  bed.  The  crashworthiness  of  the  cockpit  area  was  poor  and  the  pilot  received 
serious  head  Injuries  during  tne  aircraft  tumbling  motions.  The  pilot's  comments  during  the  maneuver  are 
Interesting  from  the  standpoint  that  even  In  spite  of  the  large-magnitude  PIO,  safety  and  survivability  were 
not  mentioned  (Ref.  13). 

"I  was  well  on  my  descent  and  picking  up  speed  at  very  low  angle  of  attack.  In  the  final  approach,  as  I 
went  Into  the  final  turn,  I  wasn't  getting  the  turn  rate  that  I  wanted  so  I  turned  the  interconnect  up  to 
0.45  and  then  continued  the  turn.  I  was  well-established  in  my  glide,  very  low  angle  of  attack,  picking  up 
my  airspeed,  and  had  the  feeling  that  I  would  land  just  slightly  short  of  the  2-mile  point,  angling  across  the 

runway.  Everything  was  going  normally  with  no  problems,  then  suddenly  at  5000  to  7000  ft,  with  no  warning  at 

all,  I  experienced  very  high  roll  accelerations  as  a  divergent  Dutch  roll-type  of  maneuver  developed.  Roll 
rates  were  extremely  high  and,  from  experience  with  high  roll  rate  maneuvers  in  the  F-100,  I  would  say  rates 
In  excess  of  220°  per  second.  This  maneuver  was  disorienting,  and  I  pulled  back  on  the  stick  to  increase 
angle  of  attack,  trying  to  damp  it  out.  The  first  thing  that  entered  my  mind  was  that  the  interconnect  was 
too  high  so,  as  soon  as  I  was  able  to  get  hold  of  the  situation,  I  checked  my  interconnect;  it  was  0.45,  about 
where  I  wanted  it.  The  corrective  action  of  pulling  back  on  the  Stick  damped  out  the  maneuver." 

The  M2-F2  vehicle  was  modified  with  an  additional  centrally  located  vertical  fin  and  redesignated  the 
M2-F3.  With  the  center  fin,  the  yawing  moment  due  to  aileron  deflection  became  favorable,  and  no  aileron-to- 
rudder  interconnect  was  needed.  The  aircraft  was  sufficiently  improved  such  that  no  serious  roll-spiral  mode 
coupling  occurred,  although  some  longitudinal  PIO  tendencies  were  noted  in  the  landing  approach. 

The  point  to  be  made  here  is  the  significance  of  maintaining  good  handling  qualities  in  the  approach  and 
landing  phase.  The  possibility  of  encountering  even  short-term  upsets  close  to  the  ground  can  be  very  dis¬ 
tracting  to  the  pilot  and  markedly  Influence  safety.  Being  so  close  to  landing,  the  pilot  will  generally  try 
to  land  an  aircraft  with  short-term,  poor  handling  qualities  by  trying  harder. 

2.3.6  Roll-Pitch-Yaw  (Inertial)  Coupling.  Another  form  of  lateral-directional  oscillation  can  be  encountered 
during  rolling  pullout  maneuvers  commonly  used  in  combat.  The  oscillation  involves  interaction;  among  the 
airframe  aerodynamics,  the  Inertia  characteristics  about  all  axes,  and  the  kinematics  of  the  rolling  motion. 

Of  the  several  aircraft  which  have  encountered  inertial  coupling,  the  case  of  the  experimental  Bell  X-2, 
discussed  in  the  following  paragra;h,  Is  very  dramatic  (sep  Rpf.  14)  from  tN.  hunan  fact:  ns  standpoint 

The  X-2  (shown  in  Fig.  10)  was  one  of  a  series  of  high-speed  research  aircraft  having  performance  capa¬ 
bilities  exceeding  a  Mach  number  of  3  and  an  altitude  potential  of  126,000  ft.  The  wings  were  swept  40°, 
construction  was  cf  stainless  steel,  and  the  aircraft  Mas  powered  by  a  rocket  engine  cf  L5,£iX-lb  thrust. 

The  aircraft  had  been  flown  cautiously  at  high  Mach  numbers  because  of  a  known  deterioration  in  direc¬ 
tional  stability  at  moderate  angles  of  attack.  On  the  last  flight,  a  USAF  pilot,  flying  the  aircraft  for  the 
f  1  •'St  time,  attempted  to  set  a  new  USAF  speed  record  before  the  aircraft  was  to  If  tarred  ever  to  HACA.  for 
flight  testing.  A  time  history  of  a  portion  of  the  fatal  flight  Is  shown  in  Fig.  11.  After  rocket  burnout, 
control  motions  were  initiated  to  start  a  left  turn,  and  the  angle  of  attack  was  increased.  As  the  turn 
progressed,  directional  stability  decreased,  such  that  when  corrective  aileron  deflection  was  applied  to  limit 
the  left  banking  tendency  (caused  by  the  dihedral  effect),  the  adverse  yawing  moment  due  to  aileron  exceeded 
the  directional  restoring  moment  due  to  sideslip.  These  motions  increased  in  intensity  until  critical  rolling 
velocity  for  inertial  coupling  was  exceeded,  at  which  time  violent,  uncontrollable  motions  occurred  about  all 
axes.  High  positive  and  negative  accelerations  were  imposed  on  the  aircraft,  which  finally  entered  into  an 
Inverted  spin.  The  pilot  made  two  recovery  attempts,  after  which  he  jettisoned  the  escape  nose  capsule  at  a 
subsonic  Mach  number  (altitude  approximately  40,000  ft).  The  separation  was  successful;  however,  the  capsule 
was  violently  unstable  before  the  l^gue  chute  was  deployed.  The  pilot  was  incapacitated  by  the  severe 
capsule  motion  and  did  not  effect  t  separation  from  the  capsule. 

The  lessons  learned  from  this  accident  were  threefold,  (i)  poot  management  was  evident  in  allowing  a 
first-time  pilot  to  attempt  a  speed  record  in  a  hazardous  environment;  (2)  the  pilot  had  insufficient  expe¬ 
rience  with  the  aircraft's  handling  qualities  to  maintain  the  necessary  precise  control  of  the  trajectory  at 
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high  altitude;  and  (3)  the  pilot  should  have  remained  with  the  aircraft  to  lower  altitude  where  Increased 
angular  rate  damping  would  aid  recovery  from  the  inverted  spin. 

Current  handling  qualities  requirements  are  designed  to  expose  any  inertial  coupling  problems  by 
requiring  rudder-fixed,  full-aileron,  deflection  rolls  through  360°  at  80  percent  of  the  limit  load  factor. 

One  of  the  potential  dangers  of  this  maneuver  is  that  the  resulting  oscillations  can  occur  abruptly,  and  at 
high  altitude  where  angular  rate  damping  is  low,  the  severity  of  the  motions  can  disorient  the  pilot  to 
compromise  recovery  techniques.  The  handling  qualities  needed  to  suppress  this  coupled  behavior  are  positive 
directional  stability  at  all  obtainable  angles  of  attack  and  minimum  cross-coupling  due  to  aileron  deflection. 
Some  current  fighters  limit  the  amount  of  aileron  deflection  obtainable  at  high  speeds  to  alleviate  this 
coupling  problem. 

2.3.7  Handling  Qualities  at  High  Angle  of  Attack.  Recently,  Increased  emphasis  has  been  placed  on  the  ability 
to  fly  safely  at  high  angles  of  attack  near  stall  to  gain  superiority  in  tactical  operations  for  military  air¬ 
craft.  Good  handling  qualities  are  factors  which  are  key  to  survival  here,  since  out-of-control  departures 
and  spins  can  occur  easily  in  these  boundary  conditions,  and  recovery  for  high-performance  aircraft  can  often 
be  very  difficult.  A  variety  of  uncontrolled  high-angle-of-attack  dynamic  phenomena  have  occurred.  Two 
examples  of  general  interest  are  the  severe  nose-slice  (slew)  departure  characterized  by  a  large,  rapid  yaw 
followed  by  a  rapid  roll  as  exhibited  by  the  A-7  aircraft,  and  a  wing  rock  encountered  by  the  F-4  aircraft. 

Analysis  and  simulation  studies  (Ref.  15)  indicated  that  the  nose-slice  departure  of  the  A-7  aircraft  can 
occur  at  angles  of  attack  considerably  below  normal  stall.  Aerodynamically,  the  nose  slice  Is  caused  by 
vortices  shed  from  the  wing-fuselage  juncture  and  downwind  wing  surface  which  impinges  on  the  vertical  tall 
to  decrease  directional  stability.  Directional  mistrlm  or  failure  to  minimize  sideslip  In  approaching  the 
stall  gives  rise  to  the  yawing/rolling  moments  and  nonlinear  kinematic  coupling.  Pilot  attempts  to  control 
(oppose  the  departure)  can  lead  to  a  quick  saturation  of  control  in  all  axes.  Lateral -directional  control  is 
apparently  difficult  to  coordinate  during  the  departure  and  recovery  phases,  and  usually  aggravates  chances  of 
recovery.  If  the  initial  departure  is  not  immediately  recognized  by  the  pilots  and  they  attempt  to  maintain 
control  to  higher  angles  of  attack,  eventually  a  more  severe  departure  can  occur,  making  the  recovery  more 
difficult  and  the  altitude  loss  more  dangerous  from  a  survival  standpoint.  The  best  means  of  recovery  is  to 
pitch  the  aircraft  down  to  reduce  angle  of  attack. 

Stalls  dl-sartures  fnd  spins  also  occur  for  iik  re  modern  fighters  including  the  F-14,  F-15,  and  F-16.  If 
the  F-14  is  allowed  to  go  through  stall  and  into  the  departure  and  poststall  gyration  phases,  the  out-of¬ 
control  flight,  even  under  training  conditions,  can  be  traumatic  even  to  the  most  experienced  pilot.  In  a 
fully  developed  spin  in  an  F-14,  fcr  e»ample,  net  cnly  are  the  “y"  inarfs  at  the  cockpit  very  high  (6-;  eyeballs 
out),  but  pilots  can  be  disoriented  such  that  they  will  have  difficulty  determining  whether  they  are  in  an 
upright  or  inverted  spin. 

Needless  to  say,  out-of -control  recovery  procedures  must  be  well  rehearsed  both  physically  and  mentally. 
The  chances  of  recovery  are  very  poor  If  the  pilot  is  not  fully  prepared  to  execute  the  correct  control  motions 
in  this  stressful  environment.  In  any  emergency  the  flow  of  adrenaline  quickens  responses  and  time  appears  to 
expand.  Tests  have  shown  that  under  stress,  time  seems  to  expand  by  a  factor  of  five.  In  a  spin  recovery, 
for  example,  the  recovery  procedure  may  require  holdlny  opposite  rudder  for  25  stc;  however,  to  the  stressed 
pilot,  5  sec  seems  like  25,  thus  compromising  the  chances  of  recovery. 

The  wing-rock  departure  exhibited  by  the  F-4  can  result  in  relatively  large  bank  angle  and  sideslip 
excursions,  with  only  snail  angVe-ef*attach  oscillation.  kitrvy  rock  appears  to  be  caused  or  aggravated  by 
pilot  inputs  and  some  slight  (1°  sideslip)  asymmetry  in  yaw.  Study  of  flight  records  indicates  considerable 
roll  control  activity  which  Interacts  with  destabilized  lateral  and  longitudinal  short-period  dynamics.  The 
resulting  unstable  Dutch-roll  mode  could  bt  alleviated  by  releasing  all  controls. 

The  U.S.  MIL-F-8785B  (ASC)  (Ref.  4)  requirements  for  the  stall  characteristics  do  not  allow  uncontrollable 
rolling,  yawing,  or  downward  pitching  at  the  stall  in  excess  of  30°  for  fighter  aircraft.  These  limits  in 
divergence  are  obviously  arbitrary  and  only  indirectly  relate  to  safety  and  survivability.  A  hey  problem  is 
that  if  the  primary  task  is  tracking  an  enemy  aircraft  and  the  pursuing  aircraft  encounv  “s  a  stall  departure, 
tracking  deteriorates  and  the  primary  mission  must  be  abandoned.  Although  not  addressed  >n  the  specifications, 
a  Level-3  handling  qualities  condition  has  been  reached,  and  the  question  of  how  much  of  t >6  maneuvering 
potential  of  an  aircraft  must  be  traded  for  safety  is  very  difficult  to  answer. 

2.3.8  Flight-Path  Stability  and  Control.  The  most  serious  operational  problems  which  involve  flight-path 
stability  and  control  occut  Irf  carrier  landings.  In  the  Interest  of  achieving  maximum  per furmanu:.  approaches 
must  be  made  on  the  backside  of  the  drag  curve  where  many  factors  Interact  to  degrade  operational  success.  The 
fact  that  the  landing  accident  rate  for  naval  aircraft  in  carrier  landings  is  at  least  10  times  that  for  field 
landings  points  out  the  concern  needed  for  safety  and  survivability. 

Many  studies  have  been  made  te  define  where  major  improvements  can  be  made.  As  summarized  in  Ref.  16, 
the  following  areas  are  considered  to  have  potential  for  major  improvement: 

•  Improved  flight-path  control 

■  Decreased  response  to  turbulence 

•  Reduced  approach  speed 

Although  all  of  the  aforementioned  factors  are  important  in  reducing  accidents,  flight-path  control  Is,  in  the 
end,  the  key  area  for  successful  operations.  As  noted,  operation  on  the  backside  of  the  drag  curve,  which  is 
used  routinely,  Is  an  unstable  operation  during  which  airspeed  control  tracking  accuracy  can  uetenutale  disas¬ 
trously.  The  specifications  of  Ref.  4  attempt  to  place  limits  on  the  degree  of  backside  operation  allowed 
for  different  levels  of  flight  conditions.  Unfortunately,  the  situation  cannot  be  solved  by  meeting  only  the 
backside  requirements,  since  other  Items  such  as  the  longitudinal  short-period  dynamics,  engine-thrust 
response,  lateral-directional  control,  susceptibility  to  upsets  by  carrier-generated  turbulence,  etc.,  have 


3-8 


a  profound  Influence.  Carrier  operations  require  accurate  attitude  and  touchdown  control;  merely  touching 
down  on  the  deck  Is  no  guarantee  for  survival. 

No  attempt  will  be  made  here  to  pick  out  specific  examples  of  aircraft  which  have  had  poor  landing/ 
survivability  records,  partly  because  there  are  so  many.  Rather,  a  brief  discussion  of  certain  handling 
qualities  which  are  most  Important  will  be  made. 

A  successful  carrier  landing  requires  precise  control  of  the  approach  path,  since,  In  the  end,  this  will 
ensure  that  the  aircraft  catches  the  correct  arresting  wire  on  the  deck.  Contributing  to  the  problem  of 
obtainlna  precise  flight-path  control  for  current  aircraft  Is  a  general  tendency  toward  sluggish  pitch 
response,  a  low  normal  acceleration  response  with  Increase  In  angle  of  attack,  an  initial  loss  In  lift  with 
pitch  control  deflection  (due  to  the  short-coupled  features  of  current  aircraft),  and  poor  thrust  response  of 
large  turbo-fan  engines.  Additional  problems  which  affect  safety  Include  turbulence  generated  by  the  carrier 
wake,  requirements  to  operate  IFR  In  adverse  atmospheric  conditions,  and  the  general  tendency  toward  increased 
approach  speeds.  Lower  approach  speeds  allow  more  time  for  the  pilot  to  make  corrections  and  reduce  kinetic 
energy  to  Increase  survivability. 

Means  for  Improving  the  aforementioned  deficiencies  In  modern  carrier  aircraft  Include  high-order  SAS  to 
provide  pitch  response  quickening,  use  of  direct-lift  control  (DLC)  to  Improve  height  control,  and  approach 
power  compensators  (APC)  to  alleviate  problems  caused  by  slow  engine  response.  These  features  undoubtedly 
Improve  flight-path  control  precision;  however,  there  are  no  specific  requirements  In  the  military  specifica¬ 
tions  to  cover  the  failure-mode  conditions  for  this  area.  Since  safety  Is  directly  related  to  good  handling 
qualities  In  low-altitude  operation  of  carrier  approaches,  clearly,  Improved  requirements  are  needed. 

3.  CONCLUDING  REMARKS 

An  examination  of  the  relationship  of  aircraft  handling  qualities  to  safety,  crashworthiness,  and  other 
engineering  factors  has  shown  that  accidents  are  more  likely  to  occur  when  the  pilot  has  to  cope  with  poor 
handling  qualities.  Most  serious  are  deficiencies  In  roll  control  power,  dihedral  effect,  yaw-roll  cross¬ 
coupling,  static  and  dynamic  pitch  Instabilities,  stall  (high  angle  of  attack  departures),  and  flight  path 
stability  and  control. 

The  current  military  specifications  for  handling  qualities  of  piloted  aircraft  Indirectly  reflect  safety 
by  presiding  allowable  levels  jf  handling  qualities  degradation  for  system  failures  and  by  consideration  of 
the  probability  of  failure.  Gaps  exist  in  the  specifications  because  it  Is  very  difficult  to  establish 
realistic  limits  in  areas  where  safety  and  crashworthiness  are  of  concern. 

tr  tpito  cf  marked  tmprcwwents  in  flight  ccrtrcl  tecMrclcgy,  there  is  t  continuing  need  tc  eaamire 
whether  adequate  stability  and  control  features  are  being  provided  to  permit  the  pilot  to  safely  operate  In 
the  ever-expanding  flight  envelope  of  current  and  future  aircraft.  Emphasis  should  be  placed  on  experience 
gained  from  Incidents  (and  impending  accidents)  to  provide  Insight  for  Improved  handling  qualities 
requirements. 

REFERENCES 

1.  Sadoff,  Melvin:  A  Study  of  a  Pilot's  Ability  to  Control  During  Simulated  stability  Augmentation  System 
Failures.  NASA  TN  D-1552,  Nov.  1962. 

2.  Chalk,  C.  R.;  et  al . :  Background  Information  and  User  Guide  for  MIL-F-8785B  (ASG)  Military  Specifica- 
tlwf,  -  flying  Qualities  for  Piloted  Airplanes.  Teel..  Ptptn  AfflA.-TR-bA-lZ. 

3.  Anon.:  Lessons  With  Emphasis  on  Flight  Mechanics  from  Operating  Experience,  Incidents,  and  Accidents. 
AGARD  Conference  Proceedings  No.  76-71.  March  1971. 

4.  Anon.:  Military  Specifications  Flying  Qualities  of  Piloted  Airplanes.  MIL-F-8785B  (ASG),  Aug.  1969. 

5.  Bennett,  G.:  Revised  Requirements  for  the  Flying  Qualities  of  Service  Airplanes.  Technical  Memorandum 
Structures  663.  April  1975. 

6.  Anon.:  V/STOL  Handling,  II  -  Documentation.  AGARD-R-577 ,  Part  II. 

7.  Anderson,  Seth  B.:  A  Discussion  of  the  Use  of  Thrust  for  Control  of  VTOL  Aircraft.  Paper  presented  at 
the  31st  AGARD  Flight  Mechanics  Panel  Meeting,  Sept.  1967. 

8.  Anon.:  Military  Specification  -  Flying  Qualities  of  Piloted  V/STOL  Aircraft  MIL-F-83300,  Dec.  1970. 

9.  Grief,  Richard  K.:  Effect  of  Stabilization  on  VTOL  Aircraft  in  Hovering  Flight.  NASA  TN  D-6900,  Aug. 
1972. 

10.  Quigley,  Hervey  C.;  et  al.:  Flight  Investigation  of  the  Low-Speed  Characteristics  of  a  45^  Swept -Wing 
Fighter-Type  Aircraft  With  Blowing  BLC  Applied  to  Trai ^""-Edge  Flaps.  NASA  RM  A58E05,  Aug.  1958. 

11.  Smith,  John  W.;  and  Berry,  Donald  T.:  Analysis  of  Longltuu  nal  Piloted-Induced  Oscillation  Tendencies 
of  YF-12  Aircraft.  NASA  TN  D-7900,  Feb.  1975. 

12.  Anon.:  Military  Applications  of  V/STOL  Aircraft  Vol.  1.  AGARD  Conference  Proceedings  No.  126,  Oct.  1972. 

13.  Kempel,  Robert  W.:  Analysis  of  a  Coupled  Roll-Spiral-Mode,  Pilot-Induced  Oscillation  Experienced  with 
the  M2-F2  Lifting  Body.  NASA  TN  D-6496,  Sept.  1971. 

14.  Day,  Richard  E.;  and  Relsert,  Donald:  Flight  Behavior  of  the  X-2  Research  Airplane  to  a  Mach  Number  of 
3.20  and  a  Geometric  Altitude  of  126,000  Feet.  NASA  TM  X-137,  Sept.  1959. 


Johnston,  Donel  E.;  et  al.:  Investigation  of  Flying  Qualities  of  Military  Aircraft  at  High  Angles  of 
Attack.  Vol .  I.  Technical  Results.  AFFDL-TR-74-61,  June  1974. 


16.  A'Harrah,  R,  C.;  and  Siewert,  R.  F.:  A  Study  of  Terminal  Flight  Path  Control  in  Carrier  Landings 
Report  No.  NA66H-289,  North  American  Aviation,  Inc.,  June  1966. 


ch  LIP  in  high-speed 
un. 


Fig.  7  PIO  time  history  -  YF-12  aircraft. 


Fig.  8  M2-F2  lifting  body. 


4-1 


A  BRIEF  REVIEW  OF  SELECTED  AREAS 
OF  AVIATION  MEDICINE  AND  PHYSIOLOGY 

LCol  W.G.  Hartzell  MD. ,  Canadian  Forces 
AIR  COMMAND  HEADQUARTERS,  CFB  WINNIPEG,  WESTWIN,  MANITOBA  R2R  0T0 


SUMMARY 

The  purpose  of  this  presentation  le  to  review  aviation  medicine  and 
physiology  with  specific  focus  on  those  aspects  which  relate  to  safety 
and  accidents.  Spacs  limitations  dictata  that  only  a  small  part  of  this 
field  can  bs  covered  in  an  incomplete  fashion.  Specific  emphasis  is  given 
to  the  aeromedical  aspects  of  the  effacte  of  altitude,  tha  acceleration 
environment,  disorientation  etreeees  and  visual  function  and  problems  in 
flight,  as  these  arsas  are  felt  to  have  most  significant  potential  impact 
on  flight  safety.  The  presentation  is  concluded  with  a  brief  discussion 
of  the  common  acuta  causes  for  grounding  and  sudden  incapacitation  which 
are  of  concern  in  military  aviation. 


THE  EFFECT  OF  ALTITUDE  ON  HUMAN  PHYSIOLOGY 
Relevant  Cheracterlstics  of  tha  Atmosphere 


The  characteristic  of  the  atmosphere  which  is  of  primary  interest  in  aviation  physiology  is  the  partial 
pressure  of  oxygen.  Oxygen  makes  up  approximately  21  percent  by  volume  of  dry  air  and  this  percentage  remains 
constant  during  ajcsnt  to  altitude.  The  reduction  in  total  pressure  on  ascent  is  actually  exponential;  however, 
for  the  part  of  the  curva  that  is  of  concern  here  (surface  to  45,000'),  this  fall  is  reasonably  linear 
(Figure  1).  The  alveolar  oxygen  tension  (PAq.)  at  esa  level  is  approximately  103  ran  Hg.  It  is  useful  to 
review  the  alveolar  oxygen  tsnaion  at  savers!  other  points  along  this  curve. 


1.  Fivs  thousand  feet  -  according  to 
Ernsting  (1)  there  are  detectable 
degrsae  of  impairment,  particularly 
to  learning,  when  breathing  air 
above  5,000';  therefore,  5,000' 
should  ba  considered  to  be  the 
altitude  above  which  supplemental 
oxygen  ie  desireable; 

(P*02  =  75  “  h8) 

2.  Eight  thousand  feet  -  the  cabin 

altitude  maintained  in  many  of  the  £ 

oldsr  pressurized  transport  air¬ 
craft;  (PAgj  =  64  mm  Hg)  ^ 

3.  Tan  thousand  cast  -  the  altltuda  m 

abova  which  supplemental  oxygen  hss  " 

traditionally  bean  a  requirement  in  l 

military  aviation;  (PAQ2  =  58  mm  Hg) 

4.  Eightasn  thouaand  feet  -  the  altit¬ 
ude  at  which  the  barometric  pressure 
and  therafore,  ths  amount  of  oxygen 
available,  has  helved; 

(PAqj  ■  40  mm  Hg) 

5.  Thirty-four  thousand  feet  -  the 
altitude  at  which  when  breathing 
100  parcent  oxygen  the  PA.,  is 
roughly  squivalant  to  theuPA„  at 
sea  level  breething  air;  02 
(PAqj  *  103  Hg) 

6.  Forty-one  Thousand  feet  -  the 
altitude  at  which  when  breathing 
100  parcent  oxygen  the  PA_2  ie 
roughly  equivalent  to  breathing 
air  at  10,000';  (PAQ2  *  58  am  Hg) 

7.  Sixty-five  thousand  feet  -  the 
eltitude  at  which  barometric  pres¬ 
sure  is  equal  to  the  vapor  pressure 
of  weter  (PB  40  mm  Hg) ;  and 
theoretically,  blood  "boils." 

(PAq2  ■  0  mm  Hg) 


ALTITUDE  nit  I  X  1000 ) 


Figure  1.  The  relationship  between  stmosphere 
preesurs  and  altitude.  The  average  alveolar 
oxygen  tension  (PAq,)  at  selected  altitudes 
are  shown .  2 
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Many  of  the  older  military  transport  aircraft  are  pressurized  to  around  8,000'.  Furthermore, 
operational  directives  frequently  allow  military  aircraft  to  fly  to  10,000'  cabin  altitude  before 
supplement  oxygen  Is  required.  Occasionally,  In  order  to  fly  higher,  faster  and  conserve  fuel  this  may 
be  taken  advantage  of,  and  In  some  circumstances  military  aircraft  are  allowed  to  exceed  10,000'  without 
supplement  oxygen.  It  Is  now  clear  that  cabin  altitudes  of  6,000  -  8,000'  or  more  without  supplemental 
oxygen  result  In  an  unacceptable  degree  of  hypoxia  which  Is  a  potential  flight  safety  concern  In  some 
circumstances. 


Physlologlcsl  Response 


Alveolar  oxygen  tension  Is  directly  related  to  the  Inspired  oxygen  tension;  however,  It  Is  also 
significantly  Influenced  by  the  neural  porcesses  which  control  breathing  and  the  alveolar  carbondloxlde 
tension.  This  relationship  Is  expressed  by  the  alveolar  gas  equation; 


PA  ■  PT 
rA02  *02 


PA 


‘CO  2 


FI02  +  1-FI02 


PA  - 

02  alveolar  oxygen  tension 
PI  _  - 

02  Inspired  oxygen  tension 
PA  » 

C02  alveolar  carbondloxlde  tension 
FI  K 

02  fractional  concentration  of  oxygen  in  the  inspired  gas 
R  -  respiratory  exchange  ratio 


At  about  8,000  -  10,000  feet  the  hypoxic  stimulus  of  the  reduced  arterial  oxygen  tension  results  In 
an  Increase  In  alveolar  ventilation.  The  effective  hyperventilation  results  In  a  fall  In  alveolar  carbon¬ 
dloxlde  tension  for  any  given  altitude  above  10,000'.  The  effect  of  this  reflex  stimulus  to  respiration 
on  alveolar  oxygen  and  carbondloxlde  tensions  Is  shown  In  Figure  2.  It  Is  evident  that  this  has  a  signifi¬ 
cant  Influence  on  alveolar  oxygen  tensions. 

There  Is  considerable  Individual  variation  as  a 
balance  Is  struck  between  the  hypoxic  stimulus 
to  respiration  and  the  depressant  effect  on 
respiration  of  a  reduced  arterial  v-arbcndl oxide 
tension.  Even  though  the  alveolar  oxygen 
tension  is  markedly  reduced  despite  this  compen¬ 
sation,  the  characteristics  of  the  oxygen 
dissociation  curve  are  such  that  the  oxvgen 
delivered  to  the  tissues  remains  adequate  to 
maintain  consciousness  down  to  an  arterial 
oxygen  tension  of  about  40  am  Hg  or  an  altitude 
equivalent  of  16,000  to  18,000  feet.  At  the 
same  time  that  the  respiratory  compensation  Is 
taking  place,  the  Initial  cardiovascular  response 
to  hypoxia  results  In  an  Increase  in  delivery 
of  oxygen  to  the  tissues  per  unit  of  time. 


The  compensatory  respiratory  changes 
Invariably  result  In  a  mixture  of  physiological 
hyperventilation  and  hypoxis.  Th*  marked  effect 
of  the  decreased  carbondloxlde  tension  due  to 
hyperventilation  on  cerebral  blood  flow  leads 
to  a  mixture  of  symptoms  related  to  hypoxia  and 
hyperventilation.  These  symptoms  sre  widely 
variable  both  betveen  and  within  Individuals 
and  they  are  markedly  Influenced  by  the  rate 
of  ascent,  the  altitude  reached  and  the  time 
at  altitude. 


Figure  2.  The  hypoxic  stimulus  to  respiration 
results  in  hyperventilation  with  lower  than 
expected  alveolar  carbondloxlde  tensions 
(Curve  C)  and  higher  then  expected  alveolar 
oxygen  tensions  (Curve  A)  at  altitudes  above 
10,000' . 


Hjperventilation 


Hyperventilation  Is  a  much  more  coumon  condition  than  hypoxia  (Figure  3).  When  hypoxia  occurs, 
hyperventilation  is  usually  associated;  however,  because  of  the  tremendous  reliability  of  oxygen  systems 
and  system  checks,  hypoxia  Is  not  conaon.  Hyperventilation  exists  in  any  situation  In  which  the  pulmonary 
ventilation  exceeds  that  required  to  eliminate  the  carbondloxlde  produced  by  metabolism.  The  effects  of 
hyperventilation  can  almcst  all  be  attributed  to  the  resultant  respiratory  alkalosis  with  consequent 
Increase  In  the  pH  of  th«.  blood  and  tissues.  This  Increase  in  pH  profoundly  reduces  cerebral  circulation 
as  a  result  of  vasocontrlctlon.  Peripherally,  the  increased  pH  results  In  decreased  blood  flow  to  the 
skin  and  Increased  sensitivity  of  nerve  fibers  resulting  in  numbness,  tingling  and  tremor  in  the 
extremities.  The  reduced  cerebral  blood  flow  effectively  produces  or  aggravates  tissue  hypoxia  with 
corresponding  alterations  In  consciousness.  Unconsciousness  and  convulsions  associated  with 
hyperventilation  are  a  very  real  complication  and  have  been  observed. 


Hyyoxis 


1  -  Ascent  without  02 

2  -  Poor  fitting  mask 

2  -  Lose  of  preesurization 
8  -  Undetermined 


Total 

13 

Hypoxie /Hyperventilation 

3  -  Undetermined 

Total 

3 

Hype  rvantiletion 

10  -  Anxiety 

13  -  Undetermined 

Total 

’3 

Figure  3.  Hypoxie  and  hyperventilation  incidents  with 
Incapacitation  in  the  Canadian  Forces  for  the  period  1964  - 
1981  Inclusive. 


Causes  of  Hypoxia 

Apart  from  the  acceptebledagree  of  hypoxia  which  has  baan  previously  described,  hypoxia  is  likely  to 
occur  under  three  different  typas  of  circumstances: 

1.  Flight  above  6  -  8,000'  without  pressurization  or  breathing  oxygen  -  This  could  occur  in 
oxygan  equipped  aircraft  if  thare  was  a  failure  to  connect  the  supply  or  to  turn  on  the 
supply.  Howaver,  most  oxygen  systems  presently  in  use  supply  oxygen  automatically  when  the 
mask/reguletor  connection  is  made  and  most  mask/hoee  assemblies  will  not  operate  unless  a 
connection  is  made  so  thet  this  should  not  occur  In  oxygen  equipped  aircreft.  This  type 

of  hypoxia  is  most  conmonly  seen  in  unpressurized  sircraft.  It  is  most  likely  to  result  in 
e  sub-ecute  hypoxie  with  mild  symptoms  of  Insidious  onset,  since  ascent  is  often  slow  end 
the  altitude  achieved  moderate  (10,000*  to  15,000').  Headeche  and  fetique  ere  the  commonest 
symptoms  and  decreased  vigilance  the  commonest  sign. 

2.  Failure  of  the  oxygen  delivery  system  -  This  may  result  in  e  slow  onset  of  symptoms  if  the 
failure  is  incomplete.  Howaver,  if  the  failure  is  complete,  since  this  usually  occurs  in 
combat  aircraft  which  ere  capable  of  high  altitudes  end  high  rates  of  climb,  the  onoet  of 
symptoms  is  likely  to  be  quite  rapid.  The  outcome  of  thie  type  of  incident  depends  upon 
the  pilots  ability  to  recognize  the  symptoms  before  becoming  incapacitated.  Oxygen  systems 
are  very  simple  and  reliable  and  failures  ere  often  the  result  of  misuse  or  abuse  of  the 
system.  The  most  important  fector  in  the  prevention  of  this  type  of  incident  is  scrupulous 
maintenance  by  ground  crew  and  conscientious  system  checks  by  aircrew. 

3.  Failure  of  pressurization  -  In  this  type  of  incident  there  is  some  potential  for  a  slow 
onset  of  symptoms  resulting  from  a  slow  decompression ;  however,  decompression  is  usually 
quite  obvious  and  descent  can  be  made  in  time  to  maintain  good  oxygenation.  If  the  decom¬ 
pression  is  rapid,  the  eymptoms  may  also  be  rapid  unless  emergency  oxygen  is  immediately 
available.  The  moet  important  factor  in  this  type  of  incident  is  the  ability  of  tha  crew 
to  don  properly  functioning  emergency  oxygen  equipment  before  becoming  incapacitated. 

Recovery  from  hypoxia  is  usually  rapid  and  without  sequelae.  The  most  common  after  effect  is  a  mild 
headache;  however,  there  is  e  condition,  described  as  the  oxygen  paredox,  where  symptoms  may  worsen  end 
can  result  in  canvulelons  on  rastoration  of  the  axygen  supply.  Whether  it  is  the  oxygen  paredox  or  not, 
recovery  can  be  delayed  for  lengthy  periods  even  after  the  restoretion  of  sdequate  oxygenstlon  which  may 
lead  the  investigator  to  attribute  the  incident  to  some  ether  cause.  Hyperventilation  end  anxiety 
easocieted  with  tha  incident  may  be  contributing  factors  to  the  delayed  recovery. 


CAUSE 

NUMBER 

SYMPTOMS 

Regulator 

26 

1 

System  Mlsusa: 

Aircrew 

7 

3 

Groundcrew 

6 

0 

Both 

8 

1 

Undetermined 

5 

1 

Contamination 

2 

0 

System  Miscellaneous 

18 

1 

(Source,  Guaga,  Switch,  Connections,  Etc.) 

— 

— 

Total 

72 

7 

Figure  4.  Oxygen  system  related  incidents  by  cause  fector  in  the 
Canadian  Forcee  for  the  period  1974  -  1981  Inclusive.  Thoea  incidents 
resulting  in  physiological  symptoms  are  noted. 
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While  actual  physiological  Incidents  raletad  to  hypoxia  are  uncommon,  oxygen  system  related  incidents 
are  not.  The  Infrequency  of  resulting  hypoxia  attesta  to  the  ability  of  the  eircrew  to  deal  with  the 
incident  before  incapacitation  occurs.  Figure  3  illustrates  a  breakdown  of  the  hypoxia/hyperventilation 
incidents  with  incapecltation,  by  cause  factor,  in  the  Canadien  Forces  for  the  periods  1964  -  1981  Inclusive. 
Figure  4  lists  the  oxygen  system  related  Incidents,  with  cause  factors,  for  the  periods  1974  -  1981 
inclusive.  During  the  eighteen  yeer  period  1964  -  1981  there  were  onxy  thirteen  incidents  of  incapacitation 
due  to  hypoxia  compared  to  twenty-three  incidents  of  incapacitation  due  to  hyperventilation. 

Prevention  of  Hypoxia  Balow  37,000  -  38,000  Feet 

To  maintain  an  alveolar  oxygen  tension  equivalent  to  5,000'  breathing  air,  either  the  cabin  has  to  be 
pressurised  to  an  equivalent  of  5,000'  or  the  inspired  oxygen  fraction  must  be  Increased  with  supplemental 
oxygen  to  maintain  an  alveolar  oxygen  tension  of  75  mm  Hg.  In  order  to  do  this,  the  inspired  oxygen  must 
be  progressively  Increased  to  100  percent  at  about  37,000'  (Figure  5).  To  maintain  alveolar  oxygen  tensions 
at  this  Laval  annus  37 ,C0C '  -  38,000' ,  pressure  beealhir.g  will  be  required.  Figure  6  illuetretee  typical 


Altitude  (feet) 


Cabin  differential 
preisure 

tlb/in't 


Figure  5.  Curves  showing  the  minimal 
oxygan  concentration  in  the  inaplred  gas 
required  to  maintain  ths  alvaoler  oxygen 
tension  at  sea  leva!  equivalent  (PA-„  * 
103  mm  Hg)  and  5,000'  ASL  equivalent^ 

(PA02  “  75  mm  H8) 


Figure  6.  This  illustrates  two  typical 
pressurization  schedules  for  the  high -differential 
pressure  cabins  found  in  transport  aircraft. 


pressurization  schedules  for  the  high  differential  pressure  ceblns  found  in  transport  aircraft.  When  the 
prsssurlzetlon  system  la  working,  hypoxia  ia  not  a  concern  et  normal  operating  altitudes.  If  the 
preseurlzatlon  eystem  fails,  the  key  to  the  prevention  of  hypoxia  is  to  descend  the  aircraft  to  a  safe 
altitude  before  performance  or  consciousness  is  impaired.  If  the  aircraft  is  operating  above  30,000' , 
even  with  a  relatively  slow  loaa  of  presaurizetlon,  there  is  likely  to  be  an  interval  between  the  time  of 
failure  and  the  time  thet  ths  aircraft  reaches  a  safe  altitude,  during  which  supplemental  oxygen  must 
be  supplied  to  the  crew,  and  less  Importantly  perhaps,  to  the  passengers  (Figure  7.)  If  the  aircraft  is 
above  30,000'  and  ths  prsssurlzetlon  loss  is  catastrophic,  yet  structural  Integrity  of  the  aircraft  is 
maintained,  the  cabin  altitude  may  rapidly  equal  or  even  exceed  the  aircraft  eltltude  due  to  aerodynamic 
suck  (Figure  8).  For  the  aircrew  the  "time  of  useful  consciousness"  now  becomes  an  important  factor  and 
tha  eurviveability  of  the  decompression  will  very  much  depend  upon  the  ability  of  the  crew  to  rapidly  don 
properly  functioning  oxygen  equipment.  For  the  passengers,  survlveability  will  largely  depend  upon  the  rate 
■t  which  the  aircraft  can  ba  descended  and  the  time  that  the  cabin  altitude  remains  ebove  14  -  15,000*.  To 
prevent  hypoxia  in  transport  aircraft,  therefore,  emphasis  should  bs  on  training  for  rapid  decompression, 
donning  of  oxygen  equipment  and  conducting  an  emergency  descent. 

For  fighter  aircraft  which  have  e  low  differential  pressurization  schedule,  as  shown  in  Fluure  9,  the 
concern  ebout  the  pressurization  system  up  to  altitudes  of  ebout  38,000'  is  less  important  than  the  concern 
about  properly  functioning  oxygen  equipment.  The  important  fector  ia  an  oxygen  system  which  supplies 
ottered  oxygen  at  an  ecceptable  concentration.  The  concentretlon  of  oxygen  in  the  inspired  gas  is  dictated 
by  logietical  as  well  es  physiological  considerations.  Obviously  a  simple  solution  would  be  to  have  a  system 
which  supplied  100  percent  oxygen  at  all  times.  This  would  be  effective  in  preventing  hypoxia  up  to  altitudes 
of  38,000  faet.  However,  one-hundred  parcent  oxygan  ia  loglstlcally  uneconomical  and  it  hes  soma  negative 
physiological  conssquences,  probably  the  most  noteable  of  which  is  acceleration  atelsctesls.  While  ecceler- 
stlon  atelactasis  may  be  an  lrrltetlon  it  la  not  usually  a  flight  sefety  concern. 
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cabin  and  aircraft  altitudes  following  a 
slow  but  complate  loss  of  pressurization 
in  a  transport  aircraft.  (Time  in  minutes) 


Figure  8.  A  possible  time  course  for  the 
cabin  and  aircraft  altitudes  following  a 
massive  decompression.  (Time  in  minutes) 


Cabin  differential 


Figure  9.  Typical  pressurization  profiles 
for  the  low  differential  pressure  cabins 
found  in  combat  aircraft. 


ALTITUDE 

(feet) 

TIME  IK  SECONDS 
MEAN 

STANDARD  DEVIATION 

25,000 

270 

96 

26,000 

220 

87 

27,000 

201 

49 

28,000 

181 

47 

30,000 

145 

45 

32,000 

106 

23 

34,000 

84 

17 

36,000 

71 

16 

Figure  10.  The  time  of  useful  consciousness 
in  seated  male  subjects  following  a  change 
from  breathing  oxygen  to  breathing  air. 


'Time  of  useful  consciousness"  (TUC)  following  decompression  is  obviously  dependent  on  the  rate  of 
decompression  and  the  final  altitude  reached.  It  Is  not  so  obvious  that  it  is  also  dependent  upon  the 
initial  cabin  altitude  and  the  composition  of  the  gas  being  breathed  immediately  prior  to  the  decompression. 
TUC  is  surprisingly  long  in  subjects  seated  at  altitude  breathing  oxygen  who  are  suddenly  subjected  to 
breathing  air,  Bimiliar  to  what  might  occur  In  a  fighter  cockpit  in  the  event  of  decompression  followd 
by  oxygen  system  failure  (Figure  10).  TUC  after  decompression  to  26,000'  from  breathing  air  at  8,000',  as 
could  occur  in  a  pressurized  transport  aircraft,  would  likely  be  less  than  30  seconds.  At  about  50,000', 
even  with  100  percent  pressurized  oxygen  prebreathing,  TUC  levels  off  at  about  10  -  15  seconds  and  does 
not  fall  lower. 


Figure  11.  A  schematic  illustration  of  a  typical 
liquid  oxygen  system  that  might  be  found  in  a  modern 
sjectlon  seat  equipped  combat  aircraft. 


Flgurs  12.  A  schematic  illustration  of  a  typical 
pressure  demand  oro-nassl  mask  showing  the  valve 
assembly  with  a  compensated  exhalation  valve. 
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A  schematic  Illustration  of  s  modern  combat  aircraft  oxygen  system  is  shown  in  Figure  11.  Oxygen  is 
matared  through  a  diluter  demand  regulator  according  to  s  schedule  which  is  designed  to  provide  sufficient 
oxygen  to  maintain  a  satisfactory  alveolar  oxygen  tension,  with  a  safety  factor.  The  design  specification 
for  some  oldar  systems  calls  for  a  supply  of  metered  oxygen  above  10,000'  but  most  systems  have  a  large  safety 
factor  and  may  bagin  enriching  tha  inspired  air  even  at  sea  level.  Since  a  demand  system  only  delivers  oxygen 
on  request  of  an  Inspiratory  effort,  there  is  potential  for  an  inboard  leak  at  the  mask  further  diluting 
the  inspired  air.  This  can  be  pravented  by  s  safety  pressure  mechanism  which  at  altitudes  where  hypoxia  may 
occur  provides  a  low  positive  pressure  in  the  mask  ao  that  any  leaks  should  be  outboard.  It  is  obvious  that 
the  regulator,  the  fittings  and  the  mask  are  the  key  elements  in  this  system  from  the  point  of  view  of  flight 
sefety.  Failure  of  the  oxygen  source  or  of  the  regulator  should  be  preventable  with  meticulous  maintenance 
because  of  the  simplicity  and  reliability  of  these  systems.  Figure  12  schematically  illustrates  a  pressure 
demand  oro-nasel  mask.  If  there  is  a  problem  in  the  oxygen  system,  it  is  with  this  piece  of  equipment  that 
the  problem  often  occurs,  and  it  is  frequently  the  result  of  misuse,  The  problems  occur  in  the  connections 
to  the  aircraft  system,  the  hose,  the  fit  of  the  mask  to  the  face,  and  In  the  valve  systems,  most  often  the 
exhalation  valve. 

Conclusion 

It  is  the  flight  surgeon's  responsibility  to  teach  aircrew;  the  circumstances  under  which  hypoxia  is 
likely  to  occur ;  the  altitudes  above  which  they  need  supplemental  oxygen;  the  altitude  above  vY.ith  they 
require  pressure  breathing;  that  any  physiological  symptoms  experienced  above  8,000'  should  be  considered 
hypoxic  until  proven  otherwise;  that  some  action  to  ensure  that  they  are  getting  adequate  oxygen  is  necessary 
treatment  of  these  symptoms;  that  hyperventilation  la  ona  of  the  comnoneet  causes  of  physiological  symptoms 
in  the  air;  and,  that  hyperventilation  may  exist  with  or  without  hypoxia.  Aircrew  who  are  adequately 
grounded  in  these  points  of  knowledge;  who  can  recognize  insidious  and  subtle  degrees  of  impairment;  who  are 
auspicious  of  hypoxia  as  the  ceuaa  of  physiological  symptoms;  who  are  properly  fitted  with  a  good  oro-nssal 
mask;  who  daily  "trouble  shoot"  and  maintain  the  serviceability  of  the  mask;  and,  who  have  a  "get  me  down" 
emergency  system  in  the  event  of  failure  of  the  oxygen  system  or  cabin  pressurization,  should  fly  safe  from 
hypoxia  below  38,000' . 


LONG  DURATION  +G  ACCELERATION 
z 


Definition 


Acceleration  la  defined  aa  a  rate  of  change  of  velocity  either  in  magnitude  or  in  direction.  It  Is 
therefore  the  second  derivation  of  distance  on  time,  and  la  expressed  In  units  of  distance  and  time  (feet/ 
sec/sec).  For  the  purpose  of  this  presentation,  acceleration  will  be  discussed  using  the  unitless  term 
"0".  "C"  is  u  dlmrr.elcLlvse  ratio  describing  the  force  that  the  pilot  Is  ev/bject  to  relative  re  the  force 

of  gravity. 

"G"  *  acceleration  In  cm/aec/aec 
981  cm/sec/sec 

This  discussion  will  be  concerned  only  with  positive  accelerations  in  the  Z  axis  resulting  from  radial 
accelerations  which  are  experienced  in  combat  aircraft  during  flight  manoeuvring  (Figure  13). 


General  Effects  of  +G^  Acceleration 

The  first  and  most  obvious  effect  of  acceler¬ 
ation  on  a  pilot  is  an  impairment  of  his  mobility, 

Aa  aircraft  have  evolved  with  greater  performance 
cspebllitlea  it  has  become  increasingly  difficult 
for  the  pilot  to  move  while  the  aircraft  ia  manoeuv¬ 
ring.  In  particular,  it  la  virtually  impossible  for 
aircrew  to  exit  e  damaged  or  out  of  control  aircraft 
at  accelerations  in  excess  of  2  -  2.5  +G  .  Con¬ 
sequently,  tha  pilot  muat  be  provided  with  an 
ejection  seat  so  that  at  most  he  only  has  to  move 
his  arms  j»nd  hands  to  tha  ejection  handles.  Even 
this  can  be  a  concern;  at  accelerations  in  excess 
of  3  +G  it  becomes  increasingly  difficult  to  lift 
the  arm!  and  hands  and  at  around  6  -  7  +G  ,  it  is 
almost  impossible  to  raise  the  hands  to  hlad  level. 

In  addition,  it  ia  extremely  difficult  to  turn  the 
head  or  to  extend  the  cervical  spine  at  accelerations 
in  excess  of  4  -  5  +G  .  With  tha  additional  weight 
of  the  helmet,  if  thszcervlcal  spine  la  allowed  to 
flex  either  laterally  or  forward  at  accelerations 
of  4  -  5  +G  ,  it  becomes  very  difficult  to  rat urn  the 
hsad  to  thezneutral  position.  It  ia  obvious  that 
one  of  the  factors  that  influences  this  is  the  weight 
the  effective  displacement  of  the  centre 
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Figure  13,  Ihe  standard  AGARD  terminology 
for  the  direction  of  acceleration  and  inertial 
forces.  The  arrows  indicate  the  direction  of 
the  resultant  inertial  forces. 


and  positioning  of  the  helmet  and  mask  assembly  and 
gravity  of  the  head  created  by  this  life  support  equipment. 


The  next  effect  of  positive  Z  axis  acceleration  of  concern  to  the  pilot  ia  its  Influence  on  vision. 

The  first  stage  of  visual  impairment  under  +G  acceleration  ia  called  grayout.  This  term  refers  to  a 
dimming  of  vision  and  loss  of  the  peripheral  field  resulting  in  visual  coneing  or  tunnel  vision.  Further 
increase  in  tha  +G  acceleration  may  laad  to  blackout  with  a  total  loss  of  vision.  While  unconsciousness 
and  greyout/blsckout  result  from  the  aama  physiological  mechanism  (reduced  blood  flow  to  the  head),  greyout/ 
bleckout  can  exist  without  loss  of  consciousness.  The  "G"  levels  at  which  greyout  and  blackout  occur 
vary  significantly  from  Individual  to  individual  and  also  within  the  Individual  from  time  to  time.  Symptoms 
of  grayout  or  blackout  may  Improve  several  seconds  after  the  onset  of  the  accelerstlon  as  the  cardiovasculsr 
system  begins  to  compensate  and  voluntary  "G"  resisting  measures  are  taken.  If  the  acceleration  stress  ia 
sufficiantly  severs  in  magnitude  or  rata  of  onset  or  ao  prolonged  that  the  individual  cannot  compensate, 
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he  may  become  unconscious. 

Acceleration  induced  loss  of  consciousness  (LOC)  Is  one  of  the  major  physiological  flight  safety 
concerns  in  fighter  aircraft  at  the  present  time.  Unconsclousnei  s  can  occur  without  warning  unde* 
conditions  of  rapid  onset  high  +G  .  When  unconsciousness  does  occur  there  is  a  complete  loss  of  muscle 
tone  usually  followed  by  some  tonic/clonic  seizure-like  activity  due  to  cerebral  hypoxia.  This  seizure- 
like  activity  can  be  very  disturbing  to  a  pilot  who  observes  this  in  his  co-pilot  or  to  the  inexperienced 
flight  surgeon.  However,  the  history  is  usually  quite  clear,  and  with  an  obvious  cause,  no  investigation, 
apart  from  some  concern  for  the  pilots  "G"  tolerance  is  necessary.  It  is  evident  that  If  the  acceleration 
continues  under  these  circumstances,  serious  Injury  could  occur  to  the  individual.  There  is  at  least  one 
incident  recorded  in  the  literature  of  neurological  deficit  following  acceleration  stress(2).  The  usual 
result,  If  the  pilot  blacks  himself  out,  is  that  he  loses  muscle  tone  and  the  acceleration  stress  la  thus 
relieved.  When  another  pilot  is  flying  the  aircraft  during  high  +G  manoeuvring,  it  is  extremely  Important 
that  the  pilot  in  control  continuously  monitor  the  co-pilot  or  passenger  so  that  any  acceleration  is 
immediately  discontinued  if  the  other  occupant  experiences  blackout  or  becomes  unconscious. 

Recovery  of  consciousness  after  reduction  of  the  acceleration  stress  may  be  followed  by  a  period  of 
confusion  and  there  is  often  complete  amnesia  for  the  event.  The  time  duration  from  the  return  of 
ecaseloueneee  until  the  individual  ie  fully  oriented  «rd  able  to  effect  a  change  in  U.e  condition  of  the 
aircraft  may  be  as  much  aa  30  seconds.  For  the  pilot  flying  a  single  seat  aircraft  this  may  be 
sufficiently  long  to  extend  into  eternity,  and  this  has  been  the  cause  of  a  number  of  accidents.  A  high 
performance  aircraft  rolled  inverted  and  allowed  to  enter  a  vertical  dive  at  35,000'  can  easily  be  in  an 
unrecoverable  dive  in  15  seconds.  In  that  the  aircraft  is  not  likely  to  be  starting  at  35,000'  during 
air  combat  manoeuvring,  the  time  element  may  be  much  less.  Therefore,  loss  of  consciousness  due  to  rapid 
onset  high  sustained  +G  is  an  extremely  dangerous  occurrence  and  the  only  solution  from  e  flight  safety 
point  of  view,  ia  to  prevent  it  from  happening. 

Physiological  Effects  of  Long  Duration  Acceleration 

The  physiological  processes  which  explain  greyout,  blackout,  and  unconsciousness,  are  relatively 
straight  forward  hemodynamic  effects  of  acceleration  on  the  cardiovascular  system.  These  effects  are 
illustrated  in  Figure  14.  This  Figure  schematically  illustrates  the  cerebral  circulation  and  the  retinal 


Figure  14.  Schematic  illustration  of  the  influence 
of  increasing  +G  acceleration  on  mean  arterial 
pressure  (MAP)  a!  head  level,  heart  level  and  femoral 
artery  level. 


artery  30  cm  above  the  heart,  ami  the  femoral  a"tery  60  cm  below  the  heart.  It  should  be  noted  that  the 
Intraocular  pressure  is  20  mm  Hg.  Initially,  for  the  purpose  of  this  discussion,  the  cardiovascular 
system  should  be  considered  as  if  it  were  static  and  unresponsive  to  acceleration  stress  with  the  heart 
generating  a  mean  arterial  pressure  (MAP)  of  100  mm  Hg.  A  column  of  blood  30  cm  high  exerts  a  pressure 
of  22  mm  Hg,  so  that  at  eye  level  the  MAP  is  reduced  to  78  mm  Hg  and  at  the  level  of  the  femoral  artery 
it  is  increased  by  a  pressure  equivalent  to  a  column  of  blood  60  cm  hi^.a  (2  x  22  -  44  mm  Hg) ,  to 
144  mm  Hg.  If  the  model  is  subjected  to  an  acceleration  stress  of  2  +G  ,  MAP  falls  a  further  22  mm  Hg 
at  eye  level  end  increases  44  mm  Hg  at  the  femoral  artery;  at  3+G  MAP  ftas  fallen  to  34  mm  Hg  at  eye  level 
and  increaeed  to  232  mm  Hg  at  the  femoral  artery.  At  about  4.5+G2,  MAP  would  fall  to  zero  at  eye  level. 
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If  tha  cardiovascular  system  functioned  In  this  manner,  consider  what  would  happen  to  vision  and 
consciousness  during  exposure  to  this  ecceleration  stress.  With  an  Intraocular  pressure  of  20  mm  Hg,  In 
order  for  blood  to  anter  the  eye  it  must  reach  eye  level  at  something  more  than  a  pressure  of  20  mm  Hg. 

It  is  evident,  therefore,  that  at  about  3.5  +G  tha  pilot  la  going  to  begin  to  greyout  because  there  will 
not  be  sufficient  arterial  pressure  at  eys  levil  for  blood  to  perfuse  tha  retina.  The  retina  has  a  very 
high  matabollc  reta  and  as  soon  as  perfusion  of  the  retina  stops,  It  ceases  to  function  and  the  pilot 
suffara  from  grey/blackout.  It  can  ba  clearly  seen  that  the  pilot  can  be  suffering  from  blackout  and  still 
be  conscious,  bscause  20  tm  Hg  artarial  pressure  can  adequately  parfusa  the  brain  so  that  the  pilot  still 
has  e  cerabral  circulation  when  che  circulation  to  the  retina  has  stopped.  Howaver,  If  acceleration  is 
Increased  to  4.5  +G  ,  MAP  at  tha  carebral  leval  will  fall  to  zero;  theoretically  blood  should  ceasa  to 
flow  through  the  brlin  and  the  pilot  would  than  become  unconscious  within  a  few  seconds.  If  the  pilot 
suffered  from  grayout  at  3  +G  ,  blackout  at  3.5  +G  and  unconsciousness  at  4.5  +G  ,  he  would  be  in  serious 
trouble  in  air  combat.  z  z  z 

Factors  which  Influence  "G"  To  la  ranee 

"G1'  toleranca  la  Influenced  by  such  factors  as;  the  coexistence  of  other  stresses;  individual 
physiological  variations;  the  use  of  "G"  resisting  techniques;  the  rate  of  onset  and  the  duration;  the  use 
of  tha  "G"  suit;  and,  selection  training  and  experience. 

The  coexlstanca  of  many  other  physiological  and  psychological  stresses  potentially  reduces  the 
tolaranca  to  +G  stress.  Fatiqua,  anxiety,  illness,  hypoxia  hyperventilation,  heat,  alcohol  and  other 
drugs  ere  some  Sf  the  more  common  stressors  which  may  reduce  a  pilots  "G"  tolerance. 

Individual  physiological  variations  account  for  significant  differences  in  "G"  tolerance  between 
individuals.  The  individual  who  is  "built  like  s  flra  plug"  and  who  has  well  developed  skeletal  musculature 
generally  tolerates  "G"  better  than  the  asthenic  ectomorphic  pilot.  The  magnitude  of  the  compensatory 
circulatory  changea  era  also  related  to  individual  physiological  variablas. 

Tha  initial  effact  of  acceleration  on  the  circulatory  system  is  to  reduce  the  cardiac  output  and  the  MAP. 
Thase  affects  are  the  result  of  pooling  of  blood  in  the  capacitance  vessels  in  the  legs  with  consequent 
reduction  in  tha  venoua  ratura,  After  about  10  seconds  the  capacitance  vesaela  begin  to  fill  and  the  venous 
return  increases.  Tha  reducad  MAP  which  is  detected  by  the  carotid  bodies  reflexly  results  In  a  generalized 
arteriolar  vascoconstrlctlon  and  tachycardia.  The  vascoconstrlction  helps  to  improve  venous  return  and 
ulung  with  the  tachycardia  results  in  increased  cardiac  output  and  MAI;  as  a  consequence,  within  15  -  3u 
seconds  there  is  an  increase  in  cerebral  circulation.  The  reflex  cardiovascular  response  alone  may  increase 
"G"  tolerance  by  0.5  -  1  +G  and  depending  upon  the  level  of  acceleration,  it  may  be  sufficient  to  maintain 
retinal  and  cerebral  clrculition. 

The  must  important  mechanism  the  pilot  has  for  increasing  his  "G"  tolerance  is  a  voluntary  effort  which 
consists  of  four  specific  actions: 

1.  Crouching  -  this  lnvolvas  pulling  his  head  down  between  his  shoulders  to  shorten  the  eye  to 
heart  distance; 

2.  Muscle  tensing  -  this  involves  isomatrlc  contraction  of  the  skeletal  muscles  of  the  arms  and 
legs  to  prevent  pooling  of  bleed  in  the  extremities  and  increase  wnuus  return; 

3.  Muscle  tensing  -  this  involves  isometric  contraction  of  abdominal  musclature  which  supports 
the  diaphragm  and  heart  preventing  an  increase  in  the  eye  to  heart  distance;  and, 

4.  Forcible  exhalation  -  this  involves  exhalation  against  a  partially  closed  glottis  which 
Increases  intrathoracic  pressure  and  pressure  in  the  great  vessels. 

The  forcible  exhalation  agalnat  a  partially  closed  glottis  is  called  the  M-l  manoeuvre.  This  exhalation 
is  asaiasted  by  the  tensing  of  the  abdominal  muscles  and  this  combined  effort  results  in  an  elevation  of 
the  intrathoracic  pressure  which  la  translated  directly  into  an  increase  in  cerebral  artery  pressure  and 
psrfuaion  of  the  eyes  and  brain.  The  M-l  manoeuvre  and  the  muscle  tensing  are  somewhat  counter  productive 
in  that  the  forced  expiration  by  increasing  intrathoracic  preasure  tends  to  reduce  the  venous  return  and 
cardiac  output  and  lower  the  diaphragm  and  heart.  Consequently,  the  forced  expiration  must  be  Interrupted 
every  3  to  4  seconds  to  facilitate  venous  return.  Muscle  tensing  can  Increase  "G"  tolerance  by  about  2  +G 
and  a  properly  performed  M-l  manoeuvre  is  capable  of  increasing  "G"  tolerance  by  as  much  as  2  +G  .  Howevef , 
as  these  actions  are  counter  productive,  their  effects  on  "G"  tolerance  are  not  entirely  additivl. 

If  the  onset  of  acceleration  to  5,  6  or  7  +G  is  rapid,  there  may  be  insufficient  time  for  the 
compensatory  eaedtoveewlai  teepor.se  ot  voluntary zeeti«n  by  the  pilot  to  take  effect.  Consequently, 
blood  stops  flowing  to  the  head  almost  Instantly  and  the  pilot  will  have  only  a  few  saconds  of  consciousness 
remaining.  Howaver,  if  the  onset  is  gradual  allowing  time  for  the  reflex  circulatory  changes,  voluntary 
straining  and  mechanical  support  from  a  "G"  suit,  tha  fighter  pilot  can  sustain  very  high  "G"  stress.  The 
duration  of  the  acceleration  is  important  for  two  reasons.  Jnaer  a  continuous  +G  acceleration  stress 
the  pooling  of  blood  in  the  dependent  parts  eventually  compromises  venoua  return  &ith  consequent  reduction 
in  cardiac  output  so  that  decompensation  may  occur  at  a  "sub-threshold"  level.  Secondly,  acceleration  stress 
is  extremely  fatiquing  and  a  prolonged  acceleration  below  tolerance  level  may  result  in  a  gradual  degradation 
of  maximum  "G"  tolerance. 

While  individual  variation  does  account  for  a  certain  amount  of  the  difference  in  "G"  tolerance  in 
individuals,  the  most  important  overall  factor  in  the  protection  of  the  pilot  agalnat  long  duration  acceler¬ 
ation  is  training.  Included  in  that  training,  should  be  tha  understanding  by  the  pilot  that  anything  he 
gets  from  a  "C"  suit  is  free.  Any  pilot  who  goes  flying  with  the  specific  intent  or  possibility  of  engaging 
in  sustained  high  "G"  manoeuvres  should  be  wearing  a  "C"  suit.  Airplanes  and  lives  have  been  lost  In  cir¬ 
cumstances  where  a  "G"  suit  could  llkaly  have  prevented  the  accident  and  saved  the  life.  A  properly  fitted 
and  functioning  "G"  suit  should  provide  the  pilot  with  an  additional  1.5  -  2  +G  ot  tolerance  for  any  given 
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duration  of  acceleration. 

For  completeness.  It  should  be  noted  that  the  reclined  seat  back,  which  essentially  converts  40^  to 
4G  has  proven  effectiveness  in  increasing  "G"  tolerance.  In  addition,  assisted  positive  pressure 
briathlng  appears  to  have  some  value  in  increasing  "G"  tolerance;  however,  this  has  not  yet  been  shown  to 
be  practical. 

Tolerance  to  Sustained  +Gz 

From  the  foregoing  it  can  be  seen  that  if  the  pilot's  relaxed  "G"  tolerance  was  about  4-4.5  +Gz 
and  he  gets  2  "G"  for  the  "G"  suit,  2  "G"  from  the  muscle  tensing  and  2  "G"  from  the  M-l  manoeuvre,  he 
should  be  capable  of  sustaining  10  +G  .  There  are  some  pilots  who  are  probably  capable  of  withstanding 
10  +G  for  short  periods;  however,  thl  muscle  tensing  and  M-l  manoeuvres  are  extremely  fatiguing  and 
cannol  be  sustained  for  long  at  accelerations  in  excess  of  4  -  4.5  4Gz>  Furthermore,  the  contribution  of 
muscle  tensing  and  the  M-l  manoeuvres  sre  not  entirely  additive. 

The  latest  generation  of  aircraft  are  capable  of  withstanding  up  to  10  ’’G"  and  of  sustcinlng  more 
than  7.5  "G"  without  loss  of  energy,  with  onset  rstes  that  make  it  almost  instantaneous.  High  sustained 
"G"  has  been  rather  arbitrarily  defined  as  7  4C  for  15  seconds  and  it  is  likely  that  any  pilot  in  the 
fighter  world  who  cannot  sustsin  this  amount  ofz4Gz  acceleration  should  be  in  some  other  flying  environment. 

Conclusion 

Acceleration  induced  loss  of  consciousness  and  acceleration  Induced  disorientation  are  serious 
physiological  flight  safety  hazards  to  fighter  pilots  in  the  sir  combat  environment.  However,  for  the 
pilot  with  a  properly  fitted  and  functioning  "G"  suit,  which  is  being  supplied  by  a  rapid  onset  "G"  valve 
(presently  in  development), who  has  been  properly  trained  to  simultaneously  carry  out  crouching,  muscle 
straining  and  M-l  manoeuvres,  the  hazard  is  greatly  reduced.  The  hazard  is  only  reduced,  because  it  is  a 
fact  that  some  of  the  new  generation  of  aircraft  simply  exceed  the  physiological  limitations  of  even  the 
protected  pilot  and  unless  something  it  done  to  limit  the  onset  rate  or  the  maximum  "G",  the  threat  of 
loss  of  consciousness, and  subsequently  loss  of  the  aircraft  and  the  pilot>ls  very  real. 

DISORIENTATION 

Disorientation  has  been  recognized  as  one  of  the  most  importsnt  problems  in  sviation  safety  since 
the  early  days  of  flight.  In  1930,  William  C.  Ocker,  a  pilot  in  the  United  States  Army  Air  Corps,  made 
this  statement  (3): 

"ONE  OF  THE  PRINCIPLE  DIFFICULTIES  IN  FLYING  BLIND  IS  THAT  THE  PILOT  EXPERIENCES  CERTAIN  FATIGUING 

STIMULI  WHICH  MAKE  FOR  HAZARDOUS  FLIGHT,  BECAUSE  THE  EFFICIENCY  OF  THE  PERSON  IS  ENORMOUSLY  REDUCED. 

THIS  FATIGUE  IS  THE  RESULT  OF  A  NUMBER  OF  CAUSES  AND  SUBCAUSES,  PRINCIPLE  OF  WHICH  IS  A  PHYSICAL 

DISTURBANCE  OF  THE  PILOTS  NORMAL  SENSE  OF  EQUILIBRIUM  WHEN  HE  IS  FLYING  BY  THE  INDICATIONS  OF  HIS 

INSTRUMENTS" 

Thia  was  written  at  a  time  when  to  fly  into  cloud  meant  slmoat  certain  destruction.  Ocker  went  on  to  do 
some  of  the  pioneering  work  in  this  field  and  actually  designed  the  first  "flight  integrator",  shown  in 
Figure  15  (4).  This  instrument  did  not  work  because  the  technology  had  not  caught  up  to  the  idea,  but  the 
Instrument  had  tremendous  potential  and  even  in 
1982,  when  the  technology  to  make  it  work  exists, 
a  pilot  could  do  worse  than  to  have  an  instrument 
like  this. 


In  the  ensuing  50  years,  depending  upon  the 
aircraft,  much  has  been  done  to  supplement  the 
sensory  system  of  the  pilot  with  very  sophisti¬ 
cated  instrumentation.  However,  this  fact  is 
Just  as  true  today  as  50  years  ago;  when  a  pilot 
is  deprived  of  his  visual  cues  for  orientation; 
or,  if  he  is  fooled  by  erroneous  visual  infor¬ 
mation  or  a  powerful  enough  vestibular  illusion; 
depending  upon  the  stability  of  the  airplane  and 
the  flight  conditions  at  the  time,  he  will  lose 
control  of  his  airplane  in  as  little  as  20 
seconds . 


Definition 


Spatial  disorientation  is  a  term  which  is 
used  to  describe  the  situation  where  a  pilot 
fails  to  perceive  correctly  the  attitude  or 
motion  of  his  aircraft  relative  to  the  surface 
of  the  earth. 

Disorientation  may  be  classified  into  two  types;  in  Type  I  the  pilot  is  not  aware  that  his  perception 
of  his  attitude  and/or  motion  is  false;  in  Type  II  the  pilot  is  aware  of  a  conflict  between  his  perception 
of  his  attitude  and/or  motion  and  his  actual  orientation. 

In  Type  II  disorientation,  it  is  important  to  understand  that  there  is  a  continuum  from  the  smallest 
disturbance  of  comfort,  when  the  pilot  is  mildly  aware  of  a  mismatch  betveen  two  of  his  sensors,  to  the 
condition  where  he  is  in  a  state  of  complete  disorientation  and  panic  as  he  perceives  himself  to  be  spinning 
or  tumbling  through  space  in  a  totally  disorganized  fashion.  The  cardial  characteristic  of  Type  II 
disorientation  is  that  there  la  a  mismatch  of  information  from  two  different  orientational  aensors. 


Figure  15.  Flight  Integrator  invented  by 
Lieutenant  Carl  C.  Crane  and  William  C.  Ocker. 
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The  Type  I  disorientation  is  probably  the  most  dangerous  type  of  spatial  disorientation.  The  cardinal 
characteriatic  of  Typa  1  highlights  the  worst  aspect  of  spstlal  disorientation;  that  is,  its  insidious  onset 
during  which  there  is  no  mismatch  of  information  between  sensors.  During  this  period  the  aircraft  may 
contact  the  ground  or  snter  an  unrecoverable  condition  or  attitude  while  the  pilot  is  oblivious  to  the  danger. 


Mechanisms  of  Orientation  and  Disorientstion 

Man  has  a  problem  with  orientation  in  flight  basically  because  he  has  adapted  aa  a  land  animal  and  is 
primarily  conditioned  to  orienting  himself  visually  and  with  respect  to  the  force  of  gravity.  Consequently, 
when  man's  visual  inputs  are  interfered  with  and  the  resultant  acceleration  vector  acting  on  him  is  Influenced 
by  accelerations  othar  than  normal  gravity,  he  has  difficulty  orienting  himself. 

The  terminology  for  describing  the  direction  of  scceleration  forces  acting  on  body  organs  is  shown  in 
Figure  13. 

Man  has  primarily  three  mechanisms  of  orientation;  the  klnaesthetlc  receptors;  the  vestibular  apparatus; 
and  the  eyes. 

The  most  important  of  the  orientational  sensors  is  vision.  This  can  be  readily  seen  if  one  tries  to 
stand  on  one  foot  in  the  dark  or  stand  with  his  eyes  closed  or  even  with  only  his  peripheral  vision 
occluded.  One  will  find  that  he  is  quite  unsteady.  This  exercise  will  also  demonstrate  that  it  is  the 
peripheral  vision  which  is  the  most  powerful  orienting  part  of  the  visual  apparatus.  It  is  perhaps  regret¬ 
table  that  the  main  orienting  instrument  in  an  aircraft,  the  artificial  horizon,  is  useable  only  with 
central  vision.  Because  of  this,  a  peripheral  vision  horizon  device  which  casts  a  lazer  generated  gyro 
stsblizsd  light  bar  on  the  instrument  panel,  which  is  readily  seen  and  Interpreted  by  peripheral  vision, 
is  a  promising  development. 

The  obvious  solution  one  might  think  is  to  not  close  his  eyes  or  stand  on  one  foot  while  flying  and 
land  before  dark;  however,  it  is  not  that  simple.  Firat  of  all,  the  klnaesthetlc  receptors  and  the  gravity 
sensing  part  of  the  vestibular  apparatus  (the  otolithic  organ)  are  only  capable  of  interpreting  the 
resultant  acceleration  vector.  When  accelerations  in  dlrectirns  other  than  along  the  normal  gravity 
vector  are  introduced,  these  mechanisms  can  only  confuse.  Secondly,  the  part  of  the  vestibular  apparatus 
wnlch  senses  rotational  accelerations  (the  semicircular  canals)  is  extremely  limited,  and  is  Incapable 
of  sensing  correctly  the  rotations  in  three  planes  throughout  the  range  that  the  pilot  can  potentially  be 
subjected  to  in  an  aircraft.  Finally,  vision  which  is  the  primary  orienting  mechanism  cannot  be  implicitly 
relied  upon.  Ihis  is  because  the  pilot  may  be  partially  or  totally  deprived  of  visual  cues;  or,  he  may 
be  fooled  by  some  type  of  visual  illusion.  The  one  circumstance  where  vision  is  usually  reliable  is  when  it 
is  focused  on  the  instruments  with  a  cross  check  which  is  adequate  to  provide  sufficient  orienting  cues. 

Even  then  some  vestibular  and  visual  illusions  may  be  so  powerful  that  the  pilot  may  disbelieve  or  ignore 
this  one  source  of  reliable  orienting  information.  Despite  this  fact,  the  eyes  are  by  far  the  least  easily 
fooled  sense  organ  providing  information  about  orientation. 

When  visual  cues  outside  the  cockpit  are  being  used  to  provide  information  about  orientation,  there  is 
s  direct  interpretation  of  attitude  and  motion  relative  to  the  esrth  which  is  not  readily  misinterpreted 
unless  the  visual  information  is  degraded  by  cloud,  lighting  conditions  or  physiological  factors.  When 
vision  is  concentrated  on  the  cockpit  cues  provided  by  the  instruments,  the  necessary  information  is  almost 
invariably  available  and  correct;  however,  there  is  now  an  additional  step  in  the  perception  process 
in  that  this  information  must  be  Interpreted.  When  the  pilot  looks  at  an  instrument  he  does  not  see  the 
real  thing;  he  sees  a  representation  of  the  real  thing.  This  representation  lacks  the  input  strength 
cf  the  real  visual  infcrmaticti  which  he  sets  wher,  ha  luuks  out  of  the  cockpit;  therefore,  if  hia  attention 
is  distracted  by  something  like  an  emergency  warning  light  or  an  erroneous  vestibular  sensation,  the  signal 
from  the  instrument  may  not  be  sufficiently  strong  to  provide  adequate  orientational  cues  for  him  to  act  upon. 

The  pilot  is  also  provided  Information  about  his  attitude  and  motion  by  the  vestibular  apparatus. 
Unfortunately,  the  vestibular  apparatus  provides  correct  informat  '.on  only  under  conditions  of  earth  normal 
gravity  and  within  a  very  limited  range  of  accelerations  in  other  planes.  The  vestibular  apparatus  has  two 
functional  parts  which  provide  orientation  .1  cues:  the  utricle,  which  contains  the  otolithic  organs,  and 
the  semicircular  canals. 

The  otolithic  organ  Is  a  beautifully  simple 
little  apparatus  for  determining  the  orientation 
of  the  head  relative  to  the  force  of  gravity, 
providing  that  tha  only  rcceleration  that  the 
head  is  being  subjected  to  is  that  of  gravity 
(Figure  16).  The  most  simplistic  picture  of 
the  otolithic  organ  is  to  think  of  it  as  a 
weight  on  top  of  a  flexible  pole.  When  the  pole 
Is  aligned  with  the  force  of  gravity,  the  force 
of  the  weight  is  transmitted  directly  along  the 
axis  of  the  pole,  creating  no  moment  force. 

The  resultant  activity  in  the  nerve  cslls  is  inter¬ 
preted  aa  the  head  being  aligned  with  the  force 
of  gravity.  When  the  head  is  out  of  alignment 
with  normal  gravity,  a  moment  force  is  created 
which  stimulates  nerve  cells  at  the  base  of  the 
pole.  The  direction  of  the  resultant  force  is 
assessed  by  the  brain  to  determine  correctly  the 
direction  of  hsad  tilt.  Whan  a  linear  acceler¬ 
ation  or  decceleration  of  0.5  Gx  produces  a 
resultant  fores  which  is  no  longer  aligned  with 
the  normal  gravity  vector,  tha  otolithic  organ 
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Figure  16.  On  the  left,  the  otolith  correctly  perceives 
head  tilt  in  a  normal  gravity  environment;  on  the  right 
the  otolith  Incorrectly  perceives  pitch  attitude  when 
exposed  to  a  small  linear  acceleration.  Modified  from 
Aviation  Medicine  (10) . 
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assumes  that  the  rasult.  .it  force  is  aligned  with  the  normal  gravity  vector  and  the  perception  of  the 
attitude  of  the  aircraft  undar  this  additional  acceleration  or  deceleration  is  that  the  aircraft  is 
climbing  or  descending  (Figure  16,  right).  This  is  callad  the  somatogravic  illusion  and  it  occurs  most 
frequently  on  take-off  or  overshoot,  where  the  linear  Gx  accelerations  in  modern  jet  aircraft  can  be  quite 
significant,  if  the  pilot  reacts  to  this  illusion  the  consequences  can  he  extremely  grave,  because  the 
natural  reaction  of  the  pilot  to  this  illusion  is  to  check  forward  on  the  stick  which  may  place  the  aircraft 
in  a  descent  at  very  low  altitude.  Under  certain  circumstances  this  illusion  can  be  overpowering.  There 
have  been  a  number  of  major  accidents  both  in  military  and  civil  aviation  where,  in  reacting  to  this  illusion, 
the  pilot  flew  Into  the  ground  st«_rtLy  nf ter  take  off,  Ti>  turn  "jet  sprat  pkenoawnor.,  "  has  bver,  uwtd  by 
some  to  describe  the  somatogravic  illusion  in  its  most  extreme  form.  The  real  and  the  ilijsory  attitude 
and  flight  path  of  an  aircraft  involved  in  a  major  airline  accident  in  which  this  illusion  was  the  cause 
factor  are  illustrated  in  Figure  17. 
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ILLUSORY  ATTITUDE 

Figure  17.  (Top)  The  racorded  attitude  and  flight  path 
of  the  aircraft  during  the  final  10  seconds  of  flight. 
(Bottom)  A  representation  of  what  is  believed  to  be  the 
attitude  of  the  aircraft  as  perceived  by  the  pilot  suffering 
from  an  extreme  somatogravic  illusion. 


Three  interconnected  semicircular  canals  are  designed  to  sense  rotary  accelerations  in  the  ysw,  pitch 
and  roll  pl»n*>s.  While  the  "pitch"  and  "roll"  canals  are  not  perfectly  aligned  with  the  pitch  and  roll 
axes,  the  brain  is  capable  of  correctly  interpreting  rotations  in  these  planes  within  the  range  of  sensiti¬ 
vity  of  the  organ.  Contained  within  an  expansion  of  each  semicircular  canal  there  is  a  gelatinous  structure 
which  is  analogous  to  a  baffle  which  is  called  the  cupula  (Figure  18).  At  the  base  of  the  cupula,  there 
are  embedded  sensory  cells  which  communicate  with  the  brain.  The  activity  of  the  sensory  cells  is  determined 
by  the  deflection  of  the  baffle  or  gelatinous  membrane  which  is  subjectsd  to  the  force  of  the  fluid 
within  the  canal  as  it  is  accelerated  bg  some  rotation  of  the  head  and/or  body.  These  canals  are  stimulated 
by  angular  accelerations  as  low  as  0.05  /sec/sec;  however,  accelerations  of  much  greater  magnitude  than 
this  can  go  undetected  if  the  pilot  is  pra-occuppied .  The  weskness  of  this  system,  is  that  it  is  only 
designed  to  detect  accelerations  and  if  the  rotary  acceleration  is  followed  by  constant  velocity  rotation, 
the  perception  of  rotation  disappaars  (Figure  19),  There  is  an  initial  perception  of  rotation  as  right 


Flgura  18.  A  schematic  illustration  of  the 
expansion  of  asch  semicircular  canal  which  is 
called  the  Ampulla.  Contained  within  the  ampulla 
is  a  "baffle-like"  mechanism,  the  cupula,  which 
resets  to  the  inertia  of  the  fluid  contained 
within  tha  canal. 
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Figure  19.  (Top)  The  deflection  of  the  cupula 
during  the  "roll-in,"  "constant  rate  roll"  and 
"roll-out"  of  a  prolonged  rolling  manoeuvre. 
(Bottom)  The  perception  of  roll  as  Indicated 
by  the  vestibular  sensations. 
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aileron  it  applied;  however,  once  tha  desired  rate  of  roll  is  achieved,  the  rotational  velocity  becomes 
constant  and  within  about  10  -  15  seconds  the  sensation  of  rolling  stops.  Consequently,  the  vestibular 
sensation  in  a  coordinated  roll  may  be  one  of  being  straight  and  level.  If  then  the  pilot  stops  the  rolling 
on  r 5 co very  to  wings  level  by  centraliting  the  ailerons,  the  resulting  deceleration  is  perceived  by  the 
pilot  to  be  a  roll  in  the  opposite  direction,  rather  than  a  recovery  to  wings  level  which  la  what  the 
instruments  should  now  show.  There  now  exists  a  potential  for  sensory  conflict;  the  instruments  through 
the  visual  sense  register  straight  and  lavel,  the  vestibular  apparatus  registers  a  bank  or  roll  to  the  left. 
To  correct  for  this,  the  pilot  leans  to  the  right  in  order  to  '‘erect"  his  vestibulsr  apparatus;  hence,  he 
is  said  to  be  suffering  from  the  "leans." 


Another  mechanism  for  Inducing  the  ’leans"  is  shown  in  Figure  20.  If  the  roll  into  a  turn  occurs  at  a 
subthreshold  rate  because  of  an  Inadequate  instrument 
crosscheck;  or  if  the  roll  occurs  above  threshold  while 
the  pilot  is  distracted,  and  then  the  pilot  observes 

the  previously  undetected  bank,  a  conflict  between  the  kuceivcd  miiuioe 


visual  and  vestibular  sensors  exists.  If  the  pilot 
then  levels  the  wings  at  an  above  threshold  rata,  the 
vestibular  interpretation  will  be  one  of  banking  in 
the  opposite  direction  while  the  visual  input  will 
be  one  of  wings  lavel.  The  sensory  conflict  will 
continue  to  exist  i.nd  the  pilot  will  lean  in  the 
direction  required  to  "level"  his  horizontal  semi¬ 
circular  canal. 

This  illusion  can  be  overpowering  and,  once  the 
conflict  occurs,  the  longer  it  exists  the  more  power¬ 
ful  it  becomes.  The  illusion  occurs  in  perhaps  its 
most  severe  form  in  formation  where  a  wingman  is 
using  his  lead  as  his  primary  visual  reference.  In 
flight  conditions  where  the  horizon  is  not  readily 
visible  in  his  peripheral  field,  there  is  an  inclin¬ 
ation  for  the  wingman  to  Interpret  the  lead's  wings 


Figure  20.  This  illustrates  the 
classical  development  of  the  "leans." 


as  a  horizontal  reference,  whether  they  are 


horizontal  or  not.  As  long  as  there  is  no  conflict 

there  is  no  problem.  A  conflict  is  likely  to  occur,  however,  when  the  lead  rolls;  the  wingman  perceives  a 
roll  with  his  vestibular  apparatus  but  his  only  visual  reference  (the  lead)  is  not  seen  to  change.  The 
lead  is  still  visually  interpreted  as  level  but  the  vestibular  apparatus  has  sensed  the  roll.  Under  these 
conditions  the  wingman  can  easily  become  severely  disoriented  a.id  interpret  that  the  formation  is  steeply 
banked  or  inverted.  This  conflict  can  seriously  degrade  his  performance  to  the  extent  tha^  he  may  lose 
the  lead  or  intentionally  break-off.  When  this  occurs  he  haa  lost  his  only  contact  with  orientation 
(the  lead)  until  such  time  as  he  can  orient  himself  on  his  own  Instruments.  Unfortunately,  the  wingman 
will  require  a  minimum  of  20  seconds  (longer  depending  on  his  degree  of  disorientation)  to  orient  himself. 
Twenty  seconds  may  be  an  eternity  in  the  life  of  a  lost  wingman  who  may  contact  the  ground  or  enter  an 
unrecoverable  condition  of  flight  or  attitude  before  he  can  assume  responsibility  for  his  own  orientation. 
All  of  the  vestibular  illusions  are  much  more  likely  to  occur  in  formation  as  the  wingman  is  using  a  visual 
horizon  reference  (the  lead)  which  is  "not  reliable." 


The  third  source  of  orientation  information  comes  from  the  klnaesthetic  receptors;  the  sensory  endings 
in  the  skin,  joints,  ligaments  and  deepar  supporting  structures  which  are  usually  referred  to  as  the  "seat 
of  the  pants"  sensation.  In  general  these  receptors  sense  touch  and  pressure  and  in  the  normal  gravity 
environment,  the  direction  of  gravity.  Once  the  aircraft  becomes  airborne  and  can  be  subjected  to  acceler¬ 
ations  in  any  plane  the  ability  of  thasa  sensors  to  detect  earth-vertical  is  seriously  impaired.  Vhat 
these  receptors  do  provide  the  pilot  with,  is  extremely  important  information  about  the  position  of  hla 
head  relative  to  his  body  and  about  the  position  of  hia  body  with  respect  to  the  aircraft  with  which  he 
is  in  immediate  contact.  When  the  pilots  vestibular  apparatus  gives  him  information  about  the  orientation 
of  his  hesd,  he  has  two  ways  of  interpreting  the  orientation  of  the  aircraft;  either  visually,  or  with 
these  proprioceptors  which  tell  him  where  the  airplane  is  relative  to  his  head.  It  follows  logically 
that  if  he  correctly  senses  the  orientation  of  his  head,  he  knows  the  orientation  of  the  airplane. 

There  ara  a  multitude  of  other  vestibular  and  visual  illusions  which  can  contribute  to  disorientation 
which  cannot  be  dealt  with  here  and  the  reader  is  referred  to  a  textbook  of  aviation  medicine  for  further 
study. 

Conclusion 

Disorientation  occurs  in  one  degree  or  another  to  all  pilots.  Fortunately,  in  most  cases  it  is  only 
an  aggravation,  but  frequently  it  is  an  aggravation  which  distracts  the  pilot  from  his  primary  task  and 
degrades  his  performance.  More  than  occasionally,  it  is  a  contributing  or  primary  cause  factor  in  an  air¬ 
craft  accident.  The  disorientation  accident  is  usually  a  bad  accident.  In  some  cases,  the  pilct  may  eject 
and  be  available  tc  the  accident  investigate! ,  but  ell  to  efter.  the  diet  tier,  tit  lot.  accident  enlt  It.  ft 
smokey  hole  with  very  little  remaining  to  piece  together  the  cause  of  the  accident.  The  niaaber  of  accidents 
where  disorientation  can  be  clearly  identified  as  the  cause  factor  are  unfortunately  few  because  of  the 
severity  of  the  accidents.  Consequently,  the  reported  incidence  of  disorientation  accidents  is  perhaps 
lower  than  it  actually  is.  On  the  other  hand,  disorientation  is  high  on  the  list  of  the  possible  cause 
factors  in  "cause  undetermined"  accidents,  and  in  this  type  of  accident  its  Incidence  as  a  possible  cause 
is  perhsps  inflatad.  Statistics  ludlcata  that  in  the  single  or  two  place  military  combat  training  aircraft, 
disorientation  accounts  for  between  5  and  10  percent  of  all  major  accidents  and  a  disproportionately  high 
loss  of  the  aircraft  and  pilot.  The  incidence  ia  less  in  the  transport  environment  because  of  the  multicrew 
situation  and  the  minimal  manoeuvring  that  is  carried  out.  Disorientation  is  a  major  concern  in  rotary 
wing  aircraft  where  the  dimensions  for  movement  are  greater,  the  Instrumentation  to  Interpret  the  movement 
is  non-exiatant  or  marginal,  and  operations  are  conducted  largely  in  a  environment  where  the  margin  for 
error  ic  small. 
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The  keys  to  preventing  the  disorientation  eccident  are; 

1.  A  human  engineered  cockpit  designed  to  provide  the  pilot  with  the  most  graphic  and  reliable 
orientational  information  that  leaves  minimal  room  for  misinterpretation; 

2.  Aeromedieal  training  which  provides  tha  pilot  with  a  basis  for  understanding  disorientation 
end  recognising  his  own  limitations;  and 

3.  In  flight  familiarization  with  disorientation  accompanied  by  hands  on  practice  of  aircraft 
control  and  handling  during  vestibular  Illusory  stimuli. 


VISION  IN  AVIATION 


Of  the  five  senses, vision  is  undoubtedly  the  most  important  in  the  flight  environment.  Vision  in 
aviation  involves  two  specific  processes;  first  there  is  the  "seeing  pert"  and  secondly  there  is  the 
"perceiving  part." 

Seeing,  Involves  looking  in  the  right  place;  detecting  that  something  is  there  (en  indistinct  object, 
movement  or  reflection);  focusing  on  ths  object;  and,  identifying  the  object.  At  about  the  point  where 
identification  of  the  object  begins,  the  "sealng"  or  objective  part  of  vision  blends  inperceptlbly  into 
the  subjective  aspect  of  vision.  Perception  begins  with  identif icetlon  or  recognition  -  "It's  an  eeroplane. 
What  type  of  aeroplane?  Is  it  hostile?"  In  the  visual  process  there  follows  a  phase  where  a  number  of 
judgements  must  be  made;  "Is  is  coming  or  is  it  going?  Is  it  high  or  is  it  low?  Is  it  crossing  in  front 
or  behind,  or  maintaining  s  constant  angle  off?  Should  I  break  high,  break  low,  break  right,  break  left 
or  do  nothing?" 

The  part  of  vision  which  involves  looking  in  the  right  place,  and  identifying  end  recognizing  objects 
is  e  learned  process;  the  parts  of  vision  which  Involve  detection  and  focusing  tha  object  ers  physiological 
processes:  the  part  of  vision  which  involves  use  of  that  visual  information  which  is  seen,  to  make  judge¬ 
ments  and  tal.a  ectlon  is  an  information  processing  ectlvlty.  The  information  processing  activity  involves 
a  mixing  of  rsw  visual  information  with  experiences  stored  in  memory  end  is  a  largely  subjective  mental 
process,  which  under  certain  circumstances  can  grossly  misinterpret  whet  may  seem  to  be  graphic  raw  visual 
informetlon. 


For  many  aircrew  who  suffer  a  degree  of  paranoia  about  their  medical  categories,  the  "seeing  part" 
of  vision  is  frequently  the  focus  of  this  paranoia.  However,  as  important  as  it  is,  vision  is  en  infrequent 
causa  of  jeoperdy  to  a  pilot's  medical  category.  This  lsrgelv  is  e  result  of  selection  standsrds  but  it  is 
elso  because  it  is  believed  that  within  certain  limits  the  perception  or  learned  pert  of  vision  should 
Improve  with  age  and  experience  end  offset  any  degradation  of  the  physiological  pert  which  inevitably  occurs 
with  Increasing  age. 


Seeing 


The  physiological  part  of  the  eye  functions  much  like  a  simple  camera.  To  get  e  clear  picture,  like 
a  camera,  the  most  Important  factors  are  tho  lens,  the  film  end  the  lighting  conditions.  The  primery 
determinant  of  how  wall  e  pilot  sees,  providing  there  is  adequate  lighting,  is  the  ability  of  the  lens  to 
focus  the  image  clearly  on  hie  retina  (1’igure  21A) .  The  ability  of  the  lens  to  focus  an  image  on  the  retina 
by  changing  its  shape,  so  that  it  increasingly  refracts  light  as  objects  come  nearer,  is  called  eccommodetion 
(Figure  21B).  There  ere  primarily  two  types  of  refractive  errors  of  concern  in  evietion;  hypermetropie  or 
'long  sightedness,"  and  myopxe  or  "short  sightedness." 


Figure  21.  In  the  normal  eye  with  accommodation 
ralexed  the  image  of  e  distent  objt.  *  is  focused 
clearly  on  tha  retina  (A).  When  the  object  is 
moved  closer  to  the  lens,  the  shape  of  the  lens 
changes  (accomodates)  so  that  the  image  remains 
focused  on  the  retina  (B) . 


Figura  22.  In  hypermetropie  the  image  of  the 
neer  object  is  formed  behind  the  retine  and 
is  blurrad  (A).  A  convex  lens  must  be  added 
to  effectively  increese  refraction  so  thet 
the  image  is  focused  on  the  retlne. 
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Hypermetropia  is  the  commonest  refractive  error.  Manifest  hypermetropia  exists  when  the  refrectlve 
mechanism  of  the  eye  does  not  have  the  cepacity  to  refract  light  sufficiently  to  focus  neer  objects  on  the 
retina;  consequently,  tha  image  is  formed  behind  the  retina,  snd  is  therefore  blurred  (Figure  22A).  As  can 
be  seen  from  Figure  21E,  the  nearer  the  object  is,  the  more  accommodation  is  required  to  focus  on  the  retina. 
In  youth,  the  eye  has  as  much  as  12-16  dioptres  of  accommodative  power;  however,  this  decreases  relatively 
predictably,  so  that  by  40  -  SO  years  of  age  there  is  only  about  4-5  diopters  of  accommodative  power  remain¬ 
ing  (Figure  23).  Hypermetropic  involves  no  impairment  of  distant  vision.  The  difficulty  for  the  pilot  in 


Figure  23.  Illustrates  the  decrease  of  accommo-  Figure  24.  In  myopia  the  image  of  e  distant 

dative  power  of  the  lens  with  age.  object  is  formed  in  front  of  the  retina  and 

1b  therefore  blurred.  In  order  to  focus 
the  image  clearly  on  the  retine  e  concave 
lens,  which  effectively  decreeses  the 
amount  of  refraction,  must  be  used. 


the  cockpit  is  the  range  of  Bhort  focal  lengths  that  he  must  cope  with.  Some  pilots  will  have  difficulty 
focusing  neer  objects  iu  the  cockpit  beginning  eround  the  age  of  40.  To  correct  for  hypermetropia  the 
refractive  power  of  the  eye  must  be  increased  by  providing  a  convex  lens  (Figure  22C) . 

Myopia  exists  when  the  visual  apparatus  has  such  fixed  refractive  power  that  the  image  is  focused  in 
front  of  the  rt  tina  and  is  therefore  blurred  (Figure  24A) .  Accommodation  cannot  correct  this  error 
because  accommodation  brings  the  image  "forward,"  which  would  only  aggravate  this  problem.  MyopiA  can 
usually  be  corrected  with  a  conceve  lens  which  spreads  the  light  rays  (Figure  24C).  Myopie  is  etrongly 
hareditary  and  is  usually  manifested  during  the  growth  years.  Most  myopic  people  cannot  pass  the  stand¬ 
ard  visual  acuity  tests  and  the  myopic  is  not  usuelly  seen  in  avietion. 

If  a  pilot  must  be  Issued  with  gle:  .es,  either  for  the  first  time  or  due  to  a  change  in  his  refractive 
error,  it  is  important  that  he  have  a  flight  check  with  e  quelified  pilot  before  being  authorized 
unrestricted  flying.  This  is  because  of  the  importance  of  the  pilot's  memory  for  what  the  approach  and 
landing  picture  lookB  like;  this  is  significantly  altered  by  a  refrectlve  lens,  A  refrectlve  lens,  in 
making  objects  clearer  may  make  them  look  larger  or  smaller  depending  on  whether  it  is  a  positive  or 
negative  correction.  The  effect  of  this  on  the  pilot's  depth  perception  end  his  memory  picture  of  the 
lending  environment  is  obvious.  These  small  alterations  of  depth  perception  are  probably  most  critical 
during  the  flare  and  lending  in  a  helicopter,  but  apply  equally  in  any  aircraft  operation  requiring 
precise  depth  perception. 

There  are  a  multiplicity  of  other  factors  which  influence  the  pilots  ability  to  see  other  aeroplanes. 
Quite  apart  from  whether  the  pilot  has  the  ability  to  focus,  is  the  feet  that  in  order  to  focus  he  has  to 
see  something.  When  a  pilot  hes  an  empty  visual  field  or  when  he  knows  that  "something  is  out  there"  and 
he  is  looking  into  an  empty  sky  to  try  to  find  another  aeroplane,  the  reaction  of  the  eye  is  to  accommodate. 
When  the  eye  accommodates,  the  focal  point  is  brought  closer  to  the  eye.  Consequently,  when  the  p_.ot 
strains  to  see  something,  unlees  he  does  something  to  prevent  it,  his  eyes  will  progressively  accommodate 
until  they  are  focused  at  about  6  to  20  feet.  It  is  obvious  that  with  his  eyes  focused  at  6  to  20  feet, 
a  pilot  will  not  sae  anything  that  is  one  half  nr  one  mile  away  unless  it  is  very  big.  Since  most  aero¬ 
planes  are  really  a  point  source  of  light  and  may  be  considered  to  be  at  infinity  beyond  about  one  half 
mile,  this  is  a  significant  problem. 

A  pilot  with  6/6  vision  only  has  this  vision  When  he  is  looking  directly  at  an  object.  If  he  is 
looking  for  a  point  source,  not  only  must  his  focal  length  be  right  (accommodation  completely  relaxed),  but 
the  image  must  fall  on  the  most  sensitive  part  of  the  retin3,  the  fovea,  where  the  highest  concentration  of 
cones  are  (Figure  25).  It  is  evident  from  this  illustration  that  if  the  object  is  as  little  as  20°  off  the 
central  vision  point  the  visual  acuity  is  only  1/10  of  central  vision.  What  thir  means  in  real  terms, 
is  that  if  the  object  ia  as  little  as  20u  off  central  vision  it  potentially  reduces  the  detection  distance 
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Nasal  Temporal 

Degrees  eccentric  from  tht  fovea 

Figure  25.  Illustrates  the  decrease  of  viausl 
acuity  for  objects  which  are  eccentric  to  the 
point  of  maximum  central  vision,  the  fovea. 


Detection  Distance* 

Central  Vision  4.5  Miles 

Peripheral  vision  0.45  Milee 

(20°  from  the  centre  of 
field  of  vision) 

•Fuselage  size  of  7  feet  diameter 


Figure  26.  Illustrates  the  reduction  in  detection 
distance  for  sn  object  in  the  periphersl  vielon 
due  to  the  marked  reduction  in  visual  acuity  of 
off-centrs!  vision. 


by  a  factor  of  10  (Figure  26).  Therefore,  in  the  daytime,  in  order  to  see  another  aircrsft  eoonest,  the 
pilot  has  to  be  looking  directly  at  it. 

It  is  a  big  sky  and  if  the  pilot  does  not  have  information  about  where  to  look  (from  redar,  rsdios, 
etc.,)  he  hee  to  "seek  and  find."  An  organized  visual  search  pattern  is  likely  to  be  more  productive 
than  a  random  pattern.  The  eye  sees  very  poorly  when  it  is  moving  so  thet  the  organized  visual  search 
process  must  consist  of  a  continuous  process  of  "scan,  stop,  focus";  "scan,  stop,  focus." 


Figure  27.  The  time  course  of  "seeing,"  "perceiving"  and  reacting  for  the  pilots  of  two  aircrsft  on  a 
collision  course.  On  the  left,  what  the  pilot  "sees"  during  the  last  6  seconds  before  potential  collision. 
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At  night  the  visual  aaarch  process  is  similar  but  nov  the  visual  acuity  of  the  retina  is  reversed; 
tha  cone  calls  involved  in  central  vision  ara  much  less  sensitive  to  low  levels  of  light  than  the  rod 
cells  involved  in  peripheral  vision.  This  means  that  dim  objects  are  more  likely  to  be  seen  if  they  are 
just  off  centre.  The  rapid  fall  in  visual  acuity  of  off-central  vision  shown  in  Figure  25  somewhat  off" 
sets  this,  ao  that  the  object  has  to  ba  so  close  before  it  is  seen  that  this  technique  really  is  not 
useful  for  seeing  other  aeroplanes,  except  in  formation.  The  technique  is  of  value  in  the  unlit  landing 
environment  which  may  be  encountered  by  helicopter  pilots.  If  there  is  any  lighting  at  all,  the  pilot  must 
revert  back  to  central  vision  because  it  is  the  most  sensitive  and  because  the  light  will  have  neutralized 
his  night  vision. 

Figure  27  illustrates  the  tima  and  distance  involved  in  the  process  of  "seeing"  and  reacting  to  what 
is  saen  in  a  realistic  flight  situation.  While  this  illustration  has  a  degree  of  lsboratory  artificiality 
it  can  be  scan  how  two  aircraft  with  a  combined  closing  speed  of  1200  mph,  on  a  perfect  collision  course 
Inside  of  two  miles,  may  have  a  mid-a^r  collision  before  either  pilot  can  do  snything  about  it,  even 
though  they  "see"  each  other. 

Perceiving 

Once  tha  pilot  is  abla  to  see  tha  object  he  is  only  part  way  there.  He  must  then  go  through  the 
process  of  recognition,  making  a  decision  sbout  what  he  is  going  to  do  and  then  reacting  to  that  decision. 

There  are  many  situations  in  aviation  vhera  the  problem  is  not  in  seeing  but  in  the  Interpretation 
of  what  is  sean.  This  particularly  is  true  in  the  landing  environment  and  it  would  be  quite  safe  to  say 
that  a  very  high  percentaga  of  approach  and  landing  accidents  and  incidents  sre  related  to  a  misinterpret¬ 
ation  of  visual  Information  rather  than  a  lack  of  visusl  information.  There  is  an  axiom  that,  "it  is 
the  vestibular  illusions  which  gat  the  pilot  on  take-off  and  overshoot,  but  it  is  the  visual  illusions 
which  get  him  on  landing." 

Tha  brain  has  to  Interpret  visual  stimuli  and  put  a  meaning  to  them  before  they  are  perceived,  and 
any  inadequacy  of  the  stimulus  can  lead  to  a  faulty  perception.  The  pilot  does  not  perceive  the  world 
just  as  a  camera  records  it.  He  gets  a  dynamic  moving  picture  which  is  influenced  by  highly  ,-ersonslized 
views  and  past  axperlenca.  Consequently,  his  brain  manipulates  the  raw  data  to  create  a  picture  which  he 
thinks  he  understands.  Unfortunately,  What  he  then  "perceives"  may  be  what  he  expects  to  see  or  what  he 
wants  to  see  rattier  than  what  is  actually  there. 

One  of  the  most  powerful  influences  of  what  the  pilot  sees,  is  what  hiB  brain  expects  to  see.  The 
brain  depends  on  past  experience  and  memory  to  develop  a  complete  and  meaningful  picture.  For  most  situa¬ 
tions  with  a  given  set  of  visual  cues  theie  will  be  a  corresponding  visual  understanding  of  that  situation 
Imprinted  in  tha  memory.  Consequently,  at  a  future  time  when  a  similar  set  of  visual  cues  are  present, 
the  brain  haa  an  expectation  of  what  the  complete  picture  la,  and  even  though  the  visual  meaning  may  be 
different  the  pilot  interprets  the  visual  cues  baaed  on  what  is  in  his  memory.  Probably  the  moat  graphic 
example  of  this  process  in  operation  is  the  pilot  who,  on  a  bad  weather  approach,  breaks  out  "at  limits" 

perfectly  lined  up  with  a  parallel  taxiway.  What  the  pilot  wants  desperately  and  expects  to  see  when  he 

breaks  cloud  on  a  bad  weather  approach  ia  that  he  ia  perfectly  lined  up  with  a  wide,  long  and  well  lit 
runway.  That  ia  exactly  what  he  may  "perceive,"  notwithstanding  the  fact  that  what  is  actually  there  ia 
a  100  foot  wide  taxiway  with  blue  lighting  which  has  a  bend  in  it  about  4,000  feet  down.  This  is  more 
likely  to  occur  if  the  pilot  is  time  stressed  (he  only  gets  a  glimpse  of  the  picture);  or,  if  he  is 

physiologically  stressed  by  fatique,  drugs,  alcohol  or  illness.  Under  these  circumstances  it  is  more 

likely  that  hia  expectancy  will  override  the  true  interpretation  of  the  raw  data.  This  kind  of  visual 
misinterpretation  ia  also  more  likely  to  occur  when  the  information  that  the  pilot  is  getting  is  a  repres¬ 
entation  of  the  situation  from  hia  instruments,  which  in  turn  has  to  be  Interpreted  by  his  brain  to  develop 
a  picture  of  what  the  real  visual  meaning  is. 

One  of  the  most  important  judgements  that  a  pilot  must  make  during  the  approsen  and  landing  la  to 
aatimata  hia  height  above  ground.  How  he  does  this  ia  not  completely  understood  and  probably  varies  from 
individual  to  individual  but  it  appears  to  Involve  a  complex  integration  of  continuously  changing  rsw 
visual  information  with  past  experience.  The  raw  Information  comes  from  both  outside  and  inside  the 
cockpit.  Using  outside  visual  cues,  judgements  of  distance,  speed  and  glide  slope  angles  are  influenced 
by  fairly  objective  central  vision  cues.  However,  they  are  also  strongly  influenced  by  s  "global  picture" 
that  is  developed  by  complex  subjective  estimations  of  altitude  and  distance  based  on  rates  of  change  of 
angles, relative  sizes  of  objects,  and  texture.  Using  this  kind  of  information  tha  pilot  plaees  hie  aircraft 
in  such  a  position  that  all  of  these  factors  "look  right."  If  one  or  other  of  the  factors  is  disturbed,  the 
pilot  will  ba  inclined  to  manoeuvre  the  aircraft  so  that  the  picture  again  "looks  right"  and  sometimes  this 
can  be  a  fatal  mistake. 

It  la  Is  impossible  to  deal  with  all  the  facto-*-*  that  can  he  lrvnlvpit  here  hut  it  is  worthwhile 
looking  at  some,  Tha  reader  ia  cautioned  about  trying  to  typecast  any  specific  incident  or  accident  based 
on  thase  factors,  which  flight  aurgeona  have  on  occasion  had  an  inclination  to  do.  It  is  not  possible 
to  do  this  because  thase  situations  are  so  dynamic  and  because  sufficient  correct  information  is  almost 
always  thera.  In  analyzing  any  accident  or  incident, the  most  that  can  be  done  ia  to  determine  what  factors 
may  have  been  present  which  may  have  led  the  pilot  to  misinterpret  existing  visual  data. 

For  a  very  long  tima  many  thought  that  the  ability  of  the  pilot  to  judge  distance  and  depth  wss  due 
to  stereopsls.  Most  now  recognize  that  the  retinal  disparity  resulting  from  differences  in  the  retinal 
iuiage  does  not  contribute  a  great  deal  to  depth  perception  except  el  -very  close  range  and  vei;  low 
altitude  when  the  pilot  Is  looking  directly  at  the  ground  near  the  touchdown  point,  as  in  the  flare  and 
landing  of  a  helicopter. 

The  judgement  of  both  distance  and  height  is  thought  to  be  influenced  significantly  by  the  size  of  the 
retinal  image.  The  size  of  the  retinal  image  Is  directly  proportional  to  the  size  of  the  object  in  the 
visual  fiald  and  Inversely  proportional  to  its  distance.  Whan  the  pilot  views  an  object  st  a  distance, he 
assumes  that  it  is  a  standard  size  based  on  past  experience  with  the  objact,  and  the  size  of  the  retinal 
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Image  is  therefore  a  me.,  ure  of  its  distance  whether  it  is  the  slant  range  or  vertical  height  above 
ground.  This  is  referred  to  as  size  constancy  and  constitutes  s  strong  cue  to  the  Judgement  of  distance 
and  height.  This  is  the  factor  that  is  operative  when  one  observes  a  jumbo  jet  on  takeoff  or  landing 
and  it  appears  to  be  moving  very  slowly.  Because  the  aircraft  is  so  large  the  brain  interprets  it  as 
being  near.  If  an  aircraft  is  nearer  it  should  cross  the  visual  field  faster.  In  the  case  of  the  jumbo 
jet  it  only  appears  to  be  near  and  therefore  it  is  interpreted  to  be  moving  slower.  This  factor  can  also 
play  a  part  in  a  pilot's  misjudgement  when  approaching  a  runway  of  different  length  and/or  width  than  that 
which  he  is  accustomed  to;  or,  when  approaching  over  terrain  where  the  texture  of  tke  approach  path  is 
influenced  by  the  alze  of  the  vegetation  growing  thereon.  Fine  texture  suggests  height  and  course  texture 
suggests  nearness  to  the  ground. 

Motion  parallax  refers  to  the  movement  of  objects  in  the  visual  field.  The  apparent  movement  of 
objects  In  the  visual  field  during  approach  is  Influenced  by  height  and  speed  and  to  a  certain  extent  the 
elope  of  the  land  on  which  the  objects  lie.  If  an  aircraft  is  approaching  at  constant  speed  at  a  fixed 
glide  angle  the  touchdown  point  should  remain  stationary  and  all  other  objects  in  the  field  should  be 
expanding  at  different  velocities  according  to  a  pattern  similar  to  that  shown  in  Figure  28.  As  with  other 
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Figure  28.  The  relative  movement  of  objects  in 
the  pilot's  peripheral  field  as  he  approaches  the 
runway. 


Figure  29.  From  the  top,  the  pilot's  perspective 
of  a  level  runway  at  2  miles,  1  mile,  i  mile  and 
over  the  approach  lights.  The  free  horizontal 
line  represents  the  horizon. 


Figure  30.  Illustrates  how  the  pilot's  perception  of  hie  altitude  above  ground  might  be 
influenced  by  (a)  a  downsloping  runway,  where  he  may  perceive  his  aircraft  to  be  low; 
and  (b)  an  upaloplng  runway,  where  he  may  perceive  his  aircraft  to  be  high. 
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visual  information  available  during  approach  and  landing,  the  pattern  of  movement  of  objects  in  the 
visual  field  will  be  learned  by  the  pilot  and  become  part  of  the  "global  picture"  that  he  develops  and 
attempts  to  place  himself  in  for  a  given  distance,  approach  speed  and  glide  angle.  This  cue  to  the  judge¬ 
ment  of  height  and  distance  is  probably  most  important  at  night  using  ground  lights  inside  of  2  -  3  miles 
when  other  visual  cues  are  minimal  or  absent. 

Using  linear  perspective,  the  pilot  combines  judgements  of  size,  shape  and  slant  in  developing  his 
"global  picture"  of  the  approach  and  landing  environment.  Judgements  about  this  extremely  complicated 
stimulus  are  strongly  Influenced  by  experience  and  miscalculations  might  be  expected  during  approach 
and  landing  to  runways  where  the  slant/size/shape  relationships  are  non-standard  or  just  appear  non¬ 
standard  as  may  be  the  case  with  a  sloping  runway.  Figure  29  illustrates  the  pilots  linear  perspective 
of  a  level  runway  at  2  miles,  1  mile,  i  mile  and  over  the  approach  lights.  If  this  is  what  the  "right" 
picture  look  like,  changing  the  slope  of  the  runway  or  even  just  a  part  of  it  from  level  to  3°  up  or  down 
will  significantly  change  the  picture  at  any  selected  position  along  the  approach  path  within  2-3  miles 
of  touchdown.  If  the  runway  is  sloping  up  the  approach  angle  will  appear  steeper  and  the  pilot  will 
"feel"  high  and  if  he  compensates  by  reducing  power  or  altitude  he  may  undershoot  (Figure  30  b);  if  the 
runway  slopes  away  the  converse  is  true  and  he  may  land  long  and  have  difficulty  stopping  (Figure  30  a). 

It  must  always  be  remembered  that  there  may  be  multiple  illusory  cues  mixed  with  valid  ones,  and  that 
the  total  effect  on  the  pilot's  perception  of  the  approach  and  landing  environment  is  unpredictable.  If  he 
is  unstressrj,  he  should  be  able  to  deal  with  these  illusions;  however,  if  he  is  approaching  in  bad  weather, 
or  at  night  or  fatigued  or  pre-occupied  by  some  cockpit  emergency,  he  may  allow  himaelf  to  be  dangerously 
misled. 

The  key  to  the  prevention  of  the  landing  accident  due  to  a  visual  illusion  is  training.  The  more 
keenly  the  pilot  is  aware  of  his  limitations  and  the  situations  where  he  is  likely  to  be  fooled,  the  more 
preparation  he  ..an  make  to  avoid  them  using  all  available  cues  including  altitude  and  distance  information 
fro’u  his  Instruments  and  other  approach  aids  such  as  VASIS  and  Radar. 

ACUTE  CAUSES  FOR  GROUNDING  AND  SUDDEN  INCAPACITATION  IN  AIRCREW 

For  the  purpose  of  this  presentation,  sudden  incapacitation  will  be  defined  as  partial  or  complete 
impairment  of  performance  of  a  crew  member  by  physiological  or  psychological  factors  occurring  in  flight. 
Complete  incapacitation  usually  implies  loss  of  consciousness,  although  loss  of  consciousness  Is  not 
necessary.  A  pilot  suffering  from  intense  pain  or  disabling  anxiety,  for  instance,  may  be  effectively 
completely  incapacitated.  Mention  of  some  of  the  acute  causes  for  grounding  iB  appropriately  Included 
in  this  presentation  since  one  of  the  primary  reasons  for  grounding  an  airman  is  to  prevent  incapacitation 
in  flight.  The  acute  causes  for  grounding  are  considered  to  be  either  those  temporary  or  permanent 
physiological  or  psychological  conditions  which  would  present  a  hazard  to  safe  flight  through  degraded 
performance  by  partial  or  complete  incapacitation.  The  judiciouB  and  conscientious  grounding  of  aircrew 
for  cause  is  one  of  the  primary  accident  prevention  tools  of  the  flight  surgeon. 

By  far  the  commonest  acute  causes  for  goundlng  are  very  minor  and  transient  illnesses  which  involve 
roughly  in  descending  order  of  magnitude;  the  upper  respiratory  tract;  the  upper  gastroinestinal  tract; 
the  lower  gastrointestinal  tract;  the  musclo-skeletal  disorders;  and,  the  urinary  tract.  The  triviility 
and  transience  of  many  of  these  conditions  belies  their  importance  and  one  might  take  the  position  that 
the  minor  sniffles  and  sore  throats,  diarrheas  and  nauseas  and  assorted  aches  and  pains  should  not 
occupy  the  flight  surgeon's  concern.  From  the  point  of  view  of  demand  on  his  clinical  acumen,  they 
should  not;  however,  there  are  two  extremely  important  reasons  for  paying  considerable  attention  to  these 
problems.  First  of  all,  they  present  an  ideal  opportunity  for  the  flight  surgeon  to  communicate  preventive 
medicine  and  associated  flight  safety  principles  to  the  pilot.  It  is  during  these  contacts  that  the 
aircrew  should  come  to  understand  the  role  of  the  flight  surgeon  in  support  of  flight  operations  and 
hopefully  gain  confidence  in  the  flight  surgeon's  ability  to  desl  with  their  medical  problems.  The  relation¬ 
ship  developed  at  this  point  will  pay  dividends  when  a  serious  medical  problem  presents  to  the  airman; 
when  he  will  then  be  more  likely  to  bring  the  problem  to  the  attention  of  the  flight  surgeon.  Secondly, 
not  only  are  these  minor  illnesses  the  commonest  cause  of  grounding,  but  untreated  or  managed  improperly, 
they  are  probably  the  commonest  cause  of  partial  incapacitation  in  flight.  It  is  the  flight  surgeon's 
ability  to  intervene  at  this  point  to  prevent  the  pilot  from  flying  with  a  minor  illness  which  may  be 
partially  incapacitating,  in  a  way  which  protects  both  the  interests  of  the  pilot  and  the  organization, 
which  will  enable  him  to  prevent  the  pilot  from  flying  with  more  serious  conditions  which  may  be  totally 
incapacitating  and  catastrophic. 

Figure  34  lists  most  of  the  major  causes  of  sudden  incapacitation  in  flight  under  five  separate 
categories.  The  list  is  not  exhaustive  hut  includes  all  except  the  rarest  and  most  unpredictable  causes  of 
incapacitation.  An  attempt  has  been  made  to  present  the  causes  of  incapacitation  sub-classified  in 
categories  in  descending  order  of  magnitude  of  concern  from  left  to  right  and  within  each  category  in 
descending  order  of  magnitude  of  concern  down  the  column.  It  is  recognized  that  this  method  of  classification 
would  be  difficult  to  completely  substantiate;  however,  it  is  useful  to  examine  the  cause  with  some 
degree  of  perspective  on  their  likely  incidence  and  severity.  It  is  evident  that  the  four  right  hand 
columns  are  essentially  the  same  as  a  list  of  the  acute  causes  for  both  temporary  and  permanent  grounding. 

This  brief  discussion  will  be  limited  to  only  a  few  of  those  physiological  and  psychological 
conditions  which  are  considered  to  be  of  greatest  concern  as  causes  of  incapacitation,  and  which  may  mani¬ 
fest  independent  of  flight  stresses.  It  is  important  to  remember  that  any  of  these  conditions  are  likely 
to  be  aggravated  by  in-flight  stress.  In  limiting  the  discussion,  there  is  an  Immediate  problem  of 
defining  concern;  is  it  greatest  for  the  most  incapacitating,  yet  extremely  rare  cause,  or  the  less 
incapacitating  but  more  cotmon  cause? 

As  stated  previously,  complete  incapacitation  may  or  may  not  Involve  total  loss  of  consciousness  (LOC). 
When  it  does,  it  is  often  catastrophic  and  unfortunately  it  is  not  uncommon.  Rayman  (5)  reviewed  USAF 
experience  with  LOC  between  1966  and  1971  and  found  32  documented  cases  of  which  7  were  fatal.  A  similar 
result  was  probab’y  prevented  in  23  other  instances  by  the  presence  of  a  second  pilot;  and,  in  only  2  cases 
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Figure  31.  A  limited  list  of  potential  causes  of  sudden  incapacitation  in  flight. 


when  the  pilot  was  alone  did  he  survive.  Rayman  (6)  has  again  recently  reviewed  USAF  statistics  on 
incapacitation  for  the  period  1970  -  I960;  of  146  incidents,  28  involved  loss  of  consciousness,  of  which 
none  ware  fatsl.  In  23  of  these  cases,  a  second  pilot  regained  consciousness  in  time  to  safely  recover 
the  aircraft. 

It  is  quite  possible  that  these  figures  underestimate  the  problem.  By  its  nature,  this  cause  factor 
is  difficult  if  not  impossibla  to  prova  in  fatal  accidents.  Secondly,  esses  of  partial  Incapacitation 
which  do  not  result  in  an  accident  are  likely  very  significantly  underreported  by  aircrew  for  fear  of 
consequences.  Finally,  in  some  instances,  with  complete  Incapacitation,  for  example  following  acceleration 
stress,  the  pilot  may  not  even  be  aware  of  the  episode. 

With  distracting  from  the  Importance  of  complete  incapacitation,  it  is  a  fact  that  most  of  the  incapac¬ 
itations  in  the  air  that  come  to  the  attention  of  the  flight  surgeon  are  partial  incapacitations.  This  is 
perhaps  because  those  which  result  in  complete  incapacitation,  unless  they  occur  in  the  multicrew  cockpits, 
are  very  likely  to  result  in  loss  of  the  aircraft  and  pilot  and  anything  that  can  be  determined  about 
the  accident  usually  will  be  speculative.  This  is  somewhat  supported  by  Rayman's  (4)  earlier  study  of  LOC 
where  he  found  that  only  9  of  the  32  documented  cases  Occured  in  single  place  aircraft.  This  is  perhaps  a 
disproportionately  small  number.  In  another  study  by  P.ayman  (7)  over  a  5i  year  period,  the  USAF  documented 
89  cases  of  sudden  incapacitation  of  which  53  did  not  involve  LOC.  In  Rayman's  (6)  most  recent  study,  which 
slightly  overlaps  the  previous  studies,  in  the  11  year  period  1970  -  1980,  of  146  incidents  of  incapacitation, 
4  out  of  every  5  of  them  were  only  partial  incapacitations. 

Since  cardiac  eventa  are  the  most  frequent  cause  of  sudden  incapacitation  of  men  in'  the  general 
peculation,  they  might  be  expected  to  be  the  conmonsst  cause  of  incapacitation  in  military  aviation. 
Interestingly,  cardiac  causas  of  sudden  incapacitation  in  flight  are  relatively  unusual.  Mohler  (8) 
reviewed  fatal  general  aviation  accidents  due  to  cardiovascular  incapacitation  in  the  US  in  1974  -  75  and 
found  only  13  cases.  Considering  the  number  of  general  aviation  movements  in  the  US  during  this  period, 
this  must  be  consldred  rare.  These  accidents  did,  however,  account  for  about  one  percent  of  fatalillties 
in  general  aviation  accidents.  In  1979,  there  were  only  8  documented  cases  of  sudden  incapacitation 
attributable  to  cardiac  causes  reported  in  the  whole  of  civil  air  transport  worldwide;  none  of  these 
rasultad  in  an  accident.  This  also  is  a  small  number  considered  the  amount  of  aviation  that  this 
encompassas,  in  a  population  which  is  older  and  may  not  be  as  highly  selected  or  as  fit  as  the  military 
aviation  population. 

In  military  aviation,  a  review  of  USAF  statistics  by  Rayman  (9)  for  the  10  year  period  1962  -  1971 
found  only  two  documented  incidents  where  in-flight  myocardial  infarction  was  confirmed  and  in  both 
Incidents  the  aircraft  landad  safely.  Over  the  same  period  there  were  five  other  fatal  accidents  where 
myocardial  infarction  was  highly  suspect.  In  his  more  recent  review  of  an  eleven  year  period  in  the  USAF, 
Rayman  (6)  reports  5  cases  of  suspected  myocardial  infarction  of  which  only  one  was  fatal.  Over  approxi¬ 
mately  the  same  period  the  Canadian  Forces  has  had  no  accident  attributed  to  coronary  events  and  has  had 
only  two  fatal  accidents  whers  complete  Incapacitation  due  to  a  co  -onary  event  was  suspect.  Even  though 
potentially  incapacitating  coronary  artery  disease  is  an  alarmingly  frequent  finding  in  even  the  youngest 
of  our  aircraw  involvad  in  fatal  accidents,  attesting  to  its  prevalence  in  our  population,  it  is  usually 
an  incidental  finding.  Most  coronary  events  in  aircrew  occur  on  the  ground  which  is  probably  related  just  to 
the  fact  that  most  aircrew  spend  less  than  l/24th  of  their  time  in  the  air.  From  a  very  simplistic 
statistical  point  of  view  therefore,  only  one  in  every  24  coronary  events  should  occur  in  the  air.  This 
factor  obviously  applies  to  any  incapacitation:  the  probability  of  a  rare  event  occurlng  in  the  air  in  a 
very  healthy,  highly  selected  youthful  population  is  only  l/24th  that  of  it  occuring  in  the  same  population 
on  tha  ground;  hence,  it  is  a  very  unlikely  event.  Considering  also  the  fact  that  it  is  very  difficult  to 
prove  myocardial  infarction  if  the  accident  is  fatal  with  disintegration  of  the  aircraft  and  crew,  the 
statietice  are  easier  to  understand. 

A  frequent  cause  of  incapecitation  in  tha  ait  is  the  acute  onset  of  disabling  anxiety.  While  there  is 
little  to  be  found  in  the  literature  to  support  this  statement,  personal  snd  anecdotal  experience  of  the 
writer  suggests  that  this  is  a  common  cause  of  acute  incapacitation  in  the  air.  A  number  of  studies  have 
shown  that  rjychiatric  causes  account  for  about  50  parcant  of  permanent  disqualifications  of  aircrew  in 
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professional  aviation.  As  with  the  other  potentially  incapacitating  problems,  the  large  majority  of  these 
come  to  attention  on  the  ground  and  are  dealt  with  before  a  critical  situation  in  the  cockpit  occurs. 

Although  the  disabling  anxiety  attack  In  the  air  is  often  sudden  In  onset,  and  there  may  or  may  not  be  an 
immediately  precipitating  factor,  there  la  usually  a  history  of  Increasing  uneasiness  In  the  air  on  flights 
preceding  the  one  on  which  decompensation  occurs.  The  history  snd  circumstances  which  frequently  lead 
to  an  incident  of  this  type  are  often  so  typical  that  with  the  "retrospectoscope,"  it  can  often  be  said 
that  the  incident  should  have  been  predicted.  This  disabling  anxiety  Is  often  the  culmination  and  consequence 
of  a  number  of  stresses  in  the  life  of  a  pilot  who  has  a  particular  personality  makeup.  Unfortunately,  unlike 
many  other  causes  of  partial  Incapacitation  when  decompensation  does  occur  It  is  often  very  difficult  to 
resolve.  One  of  the  reasons  that  It  Is  difficult  to  get  statistics  on  anxiety  ss  a  cause  factor  of 
Incapacitation  is  that  it  almost  invariably  leads  to  hyperventilation.  The  symptoms  of  the  hyperventilation 
overlie  and  Interact  with  the  anxiety  symptoms  so  that  it  is  often  classified  as  hyperventilation.  The 
real  underlying  cause  is  sometimes,  but  not  always,  uncovered  at  a  later  date.  This  Is  only  one  of  the 
numerous  examples  of  Inadequacy  and  ambiguity  which  exists  In  the  classification  of  human  factor  causes  of 
accidents  and  Incidents.  Aviation  medicine  lsgs  far  behind  the  pilots  and  engineers  in  clearly  defining  and 
assigning  cause  factors,  which  makes  any  study  of  physiological  psychological  accident/incident  statistics 
difficult. 

It  is  noteworthy  that  hyperventilation  is  listed  under  all  five  categories.  By  definition, 
hyperventilation  is  always  secondary  to  some  other  precipitating  factor.  Hyperventilation  may  be  associated 
with  hypoxia;  with  pain  related  to  barotrauma  or  s  kidney  stone;  with  anxiety;  with  self  medication  as  In 
salycilate  toxicity;  with  airsickness  or  almost  any  other  cause  listed  in  Figure  31.  The  symptoms  of 
hyperventilation  have  been  discussed  earlier  and  these  should  always  be  looked  for  when  Investigating  sn 
incident  of  Incapacitation  in  flight.  A  very  simple  hyperventilation  test  where  the  airman  Is  asked  to  deep 
breath  once  every  two  seconds  for  30  seconds  will  elicit  symptoms  In  most  cases.  Usually  aircrew  will 
readily  recognize  the**  ■»&  symptom  that  they  h&Vc.  experienced  In  the  alt.  When  it  is  ebtablinhtd  that 
the  pilot  was  hyperventilating  this  should  immediately  lead  to  a  further  search  to  determine  why  he  was 
hyperventilating. 

Otitis  or  sinus  barotrauma  are  undoubtedly  the  most  common  physiological  symptoms  experienced  in  flight. 
While  this  le  an  infrequent  reuse  of  Incapacitation  to  the  extent  that  safety  le  ocmqtnr'sed  it  eay  on 
occasion  result  in  pain  of  such  Intensity  that  It  distracts  and  degrades  the  pilot's  performance.  Rayman  (7) 
reports  two  incidents  of  otitis  barotrauma  resulting  In  fatalities;  one  Incident  wss  associated  with  otitis 
media  and  another  with  an  overpressurization  problem.  The  Important  aspect  of  this  problem  Is  that  It  Is 
almost  entirely  predictable  and  therefore  preventable. 

Acute  gastric  upset  with  nausea  pain  and/or  diarrhea  of  undetermined  etiology  or  related  to  food 
poisoning  Is  a  conmon  cause  of  sudden  Incapacity  In  flight.  Although  these  conditions  occasionally  become  a 
real  threat  to  flight  safety,  they  are  usually  only  mildly  incapacitating  and  sometimes  nothing  more  than 
extremely  embarrassing.  Considering  the  places  that  military  pilots  eat,  the  types  of  food  they  often 
consume  and  the  quality  of  in-flight  nutrition  sometimes  provided,  it  is  surprising  that  food  poisoning  is 
not  a  common  cause  of  incapacity.  It  is  likely  that  these  factors  are  so  accepted  as  a  normal  part  of 
the  military  pilot's  life  that  they  are  significantly  underreported. 

Muscle  cramps  do  not  really  classify  as  minor  illnesses;  however,  they  are  in eluded  because  they  can 
be  a  serious  problem  In  a  fighter  cockpit.  In  order  to  relieve  a  cramp,  the  cramping  muscle  must  be 
stretched  and  this  Is  often  Impossible  for  a  pilot  strapped  into  a  cramped  cockpit.  The  combination  of 
muscle  tensing,  to  resist  "G"  with  extreme  heat  stress,  can  be  a  precipitating  cause  of  muscle  cramps. 

In  capacitatlon  due  to  the  Ingestion  of  drugs  that  are  prescribed  or  otherwise,  Is  a  very  real  cause 
of  incapacitation.  Despite  everything  that  Is  done  to  teach  aircrew  about  the  dangers  of  using  medication 
while  flying,  they  continue  to  medicate  themselves  with  such  things  bb  antacids,  salicylates,  codeine, 
caffeine,  decongestants  and  antihistamines.  The  effects  of  some  or  all  of  these  drugs  sre  potentially 
compounded  by  most  or  all  of  the  flight  stresses.  Moreover,  despite  a  relatively  rigid  training  system, 
all  too  frequently  physicians  both  within  and  outside  the  military  prescribe  medication  to  aircrew  without 
adequate  consideration  of  the  consequences.  The  ultimate  control  over  the  ingestion  of  any  medication 
is  the  Birman,  and  the  solution  of  this  problem  lies  in  indoctrinating  him  to  not  fly  while  medicated,  and 
to  question  any  physician  who  prescribes  him  medication  when  he  Is  on  flight  status. 

Probably  the  most  Important  drug  involved  in  partial  incapacitation  in  the  sir  is  alcohol.  Once  again, 

It  is  not  possible  to  substantiate  this  statement  by  literature  reports  or  any  other  documentation  because  of 
the  sensitivity  of  the  Issue.  The  effect  of  a  blood  alcohol  level  and  hangover  on  performance  is  relatively 
Indisputable,  as  is  the  role  of  alcohol  in  general  sviation  accidents.  However,  reports  on  alcohol  related 
military  aviation  accidents  and  Incidents  are  sparse.  One  of  the  reasons  for  this  Is  the  difficulty  that 
exist*  In  defining  when  degraded  perfonror.ee  beccnee  pittlal  incapacitation  frofeeclonal  military  pilots 
are  usually  very  conscientious  about  alcohol  and  flying,  but  less  so  about  hangover,  and  usually  have  a 
poor  understanding  of  hangover  effect. 

One  area  where  alcohol  is  often  associated,  Is  in  the  pilot  who  experiences  disabling  anxiety  In  the 
air.  It  may  be  difficult  to  determine  whether  the  pilot  has  become  anxious  because  his  performance  Is 
chronically  Impaired  by  alcohol  or  whether  the  alcohol  Is  being  used  to  relieve  the  existing  anxiety 
related  to  flying.  By  the  time  the  crisis  occurs  in  the  air  the  two  factors  may  be  inseparable.  The 
disease  alcoholism  is  listed  under  the  psychiatric  category  only  because  of  a  lack  of  a  better  place  to 
put  it. 

Neurological  conditions  are  an  obvious  potential  cause  for  Incapacitation;  however,  the  serious 
neurological  conditions  which  could  result  In  catastrophic  events  In  the  air  are  extremely  rare  and  quite 
unpredictable.  Two  neurological  conditions  which  are  relatively  common  In  this  age  group  are  migraine  and 
epilepsy.  Of  36  incidents  of  LOC  in  flight  reported  by  Rayman  (7)  in  the  USAP  over  the  five  year  period 
1966  -  1971,  8  were  attributed  to  seizure  disorders;  In  his  later  study  covering  an  11  year  period,  4  others 
have  been  attributed  to  seizure  disorders.  This  would  have  to  be  considered  an  alarming  statistic  because 
then  is  no  event  more  critical  in  the  cockpit  than  s  seizure ,  A  hIwh  almost  tertainly  would  ha  fats' 
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to  the  pilot  flying  alone  and  very  dangerous  even  In  a  multiplace  cockpit.  It  is  an  unfortunate  fact 
that  at  the  present  time  it  is  simply  impossible  to  screen  out  all  of  those  who  have  a  low  seizure  threshold. 
In  the  Canadian  Forces  there  has  not  been  a  documented  incident  of  a  seizure  in  the  sir;  however,  a  number 
of  aircrew  have  had  seizures  on  the  ground.  Some  of  these  have  been  related  to  alcohol  abuse  and  were 
therefore  preventable.  Once  again  either  poor  documentation  or  chance  appears  to  play  a  role  In  the 
statistics.  It  is  worth  remembering  at  this  point  that  seizure  type  activity  esn  be  observed  with  any 
hypoxic  insult  to  the  brain  and  can  be  seen  in  association  with  hypoxia,  hyperventilation,  decompression 
sickness,  myocardial  infarction,  or  syncope  due  to  any  cause.  Loss  of  consciousness  due  to  acceleration 
stress  is  often  followed  by  convulsive  type  activity,  but  a  seizure  can  usually  be  readily  ruled  out  as  a 
serious  concern  with  a  proper  history. 

Migraine  is  a  common,  episodic,  sometimes  unpredictable  and  potentially  Incapacitating  disorder; 
however,  it  is  an  unusual  cause  of  incapacitation.  In  the  15  year  period  covered  by  Rayman's  reports 
(6,  7)  only  one  case  of  Incapacitation  was  attributed  to  this  cause.  Although  migraine  rarely  causes 
loss  of  consciousness,  there  may  be  a  significant  number  of  partial  incapacitations  due  to  migraine  which 
go  unreported.  However,  the  high  incidence  of  the  problem  and  its  natural  history  are  such  that  when  it 
doas  occur  it  usually  comes  to  the  attention  of  the  flight  surgeon  on  the  ground  and  the  pilot  is  either 
disqualified  or  restricted. 

Just  ss  in  the  general  population,  there  are  military  aircrew  who  are  particularly  susceptible  to 
vasco-vagsl  syncope,  or  simple  fainting.  Vaso-vagal  syncope/fainting  is  almost  always  secondary  to  some 
clearly  defineable  emotional  or  physical  cause.  While  some  aircrew  may  experience  recurrent  fainting  on 
the  ground,  when  syncope  associated  with  acceleration  stress  is  excluded,  there  are  no  reports  of  this 
occuring  in  the  air.  This  may  be  the  result  of  the  aircrew  selection  process.  Simple  fainting  which 
occurs  in  predictable  and  avoidable  situations  should  not  create  a  problem  in  the  air.  Recurrent  fainting 
for  which  no  clearly  defineable  precipitating  factors  can  be  determined,  is  potentially  incapacitating  in 
the  air  and  is  normally  disqualifying. 

With  the  exception  of  those  incapacitations  due  to  causes  listed  under  the  "Major  Illnesses"  category, 
which  are  largely  unpredictable,  virtually  all  other  incapacitations  are  preventable.  Those  due  to  flight 
stresses  are  either  avoidable,  or  they  are  the  consequence  of  an  aircraft  system  or  life  support  equipment 
failure  which  cticuld  he  avoidable.  Those  incapacitations  occuring  &t>  a  consequence  of  factcce  Hated  cadet 
the  other  three  categories  almost  without  exception  could  be  prevented  either  by  the  airman  and/or  the 
flight  surgeon,  and  those  which  do  occur,  reflect  some  failure  on  the  part  of  aviation  medicine  personnel 
to  properly  indoctrinate  the  aircrew  and  ensure  that  they  are  fit  to  fly. 
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SUMMARY 

The  complex  relatione  of  factors  causing  man  to  fail  in  military  aviation  are  reduced  to  a 
simple  model.  Basic  connections  between  the  several  components  of  a  controller,  computer  and 
decialon-maker  are  drawn  and  applied  si*p  by  step  to  the  aviator's  conditions.  Man's  abilities 
and  qualifications  for  the  perception  of  cues  are  discussed,  their  importance  in  the  field 
of  aviation  indicated.  The  importance  of  human  engineering,  display  and  control  design  including 
information  presentation  is  related  to  aviation;  basic  principles  for  the  development  of  future 
design  are  listed. 

Physiological  factors  and  their  importance  on  pilots 'performance  capabilities  as  well  as 
psychological  factors  like  alterations  in  attention,  arousal  and  motivation,  and  the  aviator's 
need  for  decision-making  are  discussed.  Problems  of  aircrew  selection,  crew  monitoring,  crew 
training  and  performance  supervision,  in  combination  with  suggestions  for  improvement,  and  an 
accident-tone-model,  based  on  a  recent  study  within  the  GAF,  conclude  this  composition  about 
'Human  Factor  Aspects’  of  slrcraft  accidents. 


INTRODUCTION 

The  numerous  aircraft  accident  statistics  which  have  been  published  by  civil  and  military 
authorities  over  the  past  ten  years  reveal  one  common  remarkable  trend.  The  percentile-share 
of  the  so-called  Human  Factor  in  the  origin  of  aircraft  accidents  steadily  increases,  indepen¬ 
dently  from  an  increase  or  decrease  in  absolute  accident  figures.  At  this  time,  human  failure  is 
the  most  frequent  cause  of  aircraft  accidents,  accounting  for80-90£  of  all  accidents  in  military 
aviation.  To  explain  or  evaluate  the  reasona  for  this  fact  one  could  present  two  theses,  as 
pointed  out  in  "AbriB  der  Flugpsyehologie"  by  Dr.  K.  Gerber t; 

1st  Thesis:  "The  reliability  of  aircraft  and  its  subsystems  has  become  greater. 

2nd  Thesis:  The  reliability  of  pilots  has  become  rather  smaller." 

There  are  indications  that  both  theses  are  pertinent,  and  the  relative  increase  in  human  factor 
accidents  in  aviation  is  of  necessity  the  consequence  of  an  increasing  discrepancy  between  technical 
and  human  reliability.  Obviously  man  can  guarantee  the  functional  safety  of  technical  system 
components  to  a  great  extent  but  is  rather  marginal  in  the  effort  to  keep  his  own  action-  snd 
reaction  control  within  safety  limits.  This  la  particularly  true  if  he  has  to  keep  up  certain 
required  qualities  under  demanding  situations. 

That  exactly  seems  to  be  the  weak  point  of  nan,  since  several  actual  psychophysical 
variables  determine  the  fitness  to  fly,  especially  if  extraordinary  aituations  occur.  The 
problems  of  accident  investigation  are  determined  by  the  complexity  of  conditions  combined 
with  relatively  small  numbers  of  evaluable  happenings.  It  is  therefore  necesaary  to  simplify 
the  components  and  their  correlations  and  effects  by  the  establishment  of  a  base  model.  Having 
understood  the  basic  model  it  is  then  possible  to  indicate  sore  relevant  significant  correlations 
and  examine  their  effects  on  alroraft  incidents  or  accidents. Over  a  certain  period  of  time  it 
will  then  be  possible  to  eetabllsh  detailed  improvemerts  and  assess  their  effectiveness  on  safety. 


1.  BASIC  MODEL  OF  MAN-MACKINS  SYSTEMS 

Flight  by  man  is  basically  a  result  of  his  ingenuity  to  overcome  his  physical  inability  to 
sustain  himself  in  the  air  unaided.  Fundamentally,  this  has  been  accomplished  in  two  separate 
steps: 

(1)  By  observation  and  analysis  of  nsture,  followed  by  experiments  to  surpsss  the 
effects  of  gravity.  The  development  of  hot  air  and  gas  ballons  followed  by  the  use 
of  airfoils  was  the  logical  consequence. 

(2)  The  development  of  technical  systems  for  voluntarily,  aimed  steering  of  aircraft, 
which  made  him  independent  of  his  physical  deficiencies. 

Birds  have  developed  their  ability  to  fly  over  a  nuch  longer  time-span  than  man  and  although 
these  natural  fliers  occasionally  have  accidents,  they  are  very  rare  ignoring  accidents  between 
birds  and  man-made  technical  apparatussea. 

It  is  then'  profitable  for  mau  to  make  a  serious  comparison  between  the  evolution  of  flying 
creatures  and  the  development  of  powered  flight  and  thus  to  determine  in  what  manner  the 
processes  of  natural  selection  have  provided  solutions  to  the  multitude  of  problems  that  are 
associated  with  flight. 
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(after  J.A.  dilliea  1965) 


Figure  1.  Lines  upon  which  comparisons  batwaen 
winged  vertebrates  and  the  human 
aviator  can  be  based. 

\  computer  and  decision-asking  device  serves  as  a  control  coaplex.  It  receives  two  types  of 
input,  which  have  been  termed  by  Sherrington  as  "enteroceptive"  and  "sxterocsptive"  inputs.  The 
foraer  is  concerned  with  the  state  of  the  effector  apparatus  and  the  computer  itself,  whilst  the 
latter  provides  data  about  the  external  environment.  The  two  types  of  input  are  assessed  in  tsrms 
of  certain  rsfsrsnce  data  whioh  are  responsible  for  "programming"  the  whole  activity  of  the  com¬ 
puter,  and  which  are,  at  the  same  time,  subject  to  continuous  review  and  modification. 

From  the  computer  an  output  of  signals  controls  the  effector  apparatus,  nnd  thus  exercises  control 
over  effectors  in  accordance  with  three  inputs:  programming,  axtsroceptive  and  sntsroceptive. 

In  accordance  with  the  basic  concept  above, relations  can  be  analised  in  a  natural  flier, 
the  bird. 


PROGRAMMING  DATA 


ENVIRONMENT  DATA 


AIRFRAME  AND  POWER  PLANT 


FUEL  STATUS 
CONTROL  SETTINGS 
LIMB  CONFIGURATION 
AIRFLOW  INFORMATION 
BODY  iemee&amrs 


(after  Gillies,  1965) 


Figure  2.  Analysis  of  the  functions  of  a  bird  based 
on  conoept  of  Fig.  1 
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Advantages  and  disadvantages  of  this  kind  of  concept  can  readily  be  seen. 

In  the  area  of  programing  data  aeaory,  instinct,  navigational  sense,  etc.  are  relatively  rigid, 
l.e.,  they  can  hardly  be  Modified,  so  if  external  conditions  change,  adaptation  to  nodified  con¬ 
ditions  is  nearly  impossible.  Errors  or  failures  often  reault  in  serioua  consequences  (i.e. 
Migration  habits  to  Meanwhile  dried-up  waters). 

The  abilities  to  perceive  information  about  the  environaent  are  reaarkably  well  developed  and 
superior  to  those  of  Man.  The  greatest  advantage  of  the  natural  flier  lies  in  the  integration  of 
neoeasary  components  for  flight  and  landing  within  its  own  body,  its  coapaotnesa. 

If  an  analysis  of  Man-controlled  aircraft  is  atteapted  in  sinilar  teraa,  the  result  ia  a  rather 
conplex  diagram  such  aa  shown  in  Figure  3. 


FB0Q8AMMXMQ  DATA  PSOC ESSES  DATA 


Figure  3.  Analysis  of  the  functions  of  a  nan-controlled 
aircraft  based  on  concept  of  Figure  1 


Fron  these  obviously  over-slnplified  diagraas  one  could  easily  derive  the  following  conspicuous 
characteristics: 

Man  lacks  nany  of  the  bird's  direct  sources  of  inforaatlon.  His  proprioceptors  tell  hin  about  the 
position  of  flight  controls  but  give  little  inforaatlon  about  the  actual  position  of  the  control 
surfaces.  Data  auch  as  apeed,  airflow  conditions,  altitude,  and  landing  gear  position  have  to  be 
fed  to  him  via  instruaents,  each  of  which  aust  be  soanned,  interpreted  and  ohecked  for  satisfactory 
operation  before  he  can  apply  the  knowledge  gained  therefroa. 

Sinilar ily,  he  has  no  direct  inforaatlon  about  fuel  status,  power-plant  efficiency  and  general  air- 
fraae  stressing  and  he  has  to  rely  on  visual  indloators  and  inadequate  auditory  oues.  He  certainly 
has  no  sense  of  direction  coaparable  to  the  navigational  sense  of  birds,  and  none  of  the  "instinct" 
for  flight  control. 

Of  his  sensory  systeas,  aan's  visual  apparatus  is  the  aoat  heavily  overtaxed  and  it  haa  to  supply 
the  brain  with  aoat  of  the  inforaatlon  about  the  aircraft,  in  addition  to  exercising  its  noraal 
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exteroceptive  f (motion*. 

Th*  proprioceptive  system  *uppli*s  information  derived  froa  the  aechin*  end  ite  control  system  and 
it  auet  be  constantly  aonitored  in  order  to  euppree*  th*  previously  learned  meaning*  of  auch  of  th* 
information,  and  *o  allow  th*  aor*  recently  learned  interpretations  to  be  aad*. 

Th*  higher  canters  linked  with  th*  vestibular  apparatus  are  of  Halted  value  in  that  they  ere  often 
faced  with  th*  taek  of  interpreting  condition*  not  encountered  as  part  of  everyday  life. 

On  th*  credit  eide,  aan  has  th*  aid  of  ground  controller*,  radar,  navigational  instruaanta, 
ooaputer*  and  indicator*,  which  give  hia  aocurat*  inforaatlon  a*  to  attitude,  altitude  and  speed. 

By  these  means  he  ha*  been  able  to  exoel  th*  bird*  in  eoa*  reepects,  whilet  generally  lacking  sadly 
in  terns  of  reliability,  aaneuverability ,  landing  and  take-off  perforaance  and,  above  all,  in  com¬ 
pact  neee. 

Be  is  alwsye  haapered  by  the  tiae-lag,  the  relative  inefficiency  and  the  irregularity  of  behaviour 
inherent  in  the  adoption  of  the  coaplsx  sequence  of  linked  operations,  which  is  needed  in  carrying 
out  any  of  th*  coaponent  task*  of  man-made  flight. 

His  work  load  is  always  further  increased  by  th*  need  to  inhibit  aany  previously  established  inter¬ 
pretations  of  information  and  to  euperimpoe*  on  thea  th*  interpretations  learned  by  training  as  am 
adult. 

All  this  is  an  environment  to  which  aany  of  hi*  senses  are  poorly  adapted  and  in  which  his  visual 
system,  decision-making  powers  and  meaory  are  completely  occupied,  if  not  overtaxed. 

Having  established,  in  broad  terms,  ths  principle*  upon  which  ths  man-airoraft  relationship  is  based, 
it  is  important  to  ascertain  the  ways  in  which  the  system  fails,  the  categories  in  which  this  is  moat 
likely  to  occur,  and  the  underlying  factors  and  conditions  which  may  increaea  any  existing  weakness. 
Using  the  already  diecuesed  approach  it  follows  that,  when  failures  occur  in  the  man-machine  complex, 
they  can  be  attributed  to  shortcomings  in  one  or  the  other  of  the  following  four  components. 

(1)  The  human  exteroceptive  system. 

(2)  The  input  froa  th*  aircraft  exteroceptive 
and  enteroceptiv*  systems. 

(J)  The  higher  centers  of  the  central  nervous 
system  including  psychological  factors. 

(4)  Ths  sffsetor  output  from  the  central  nervous 
system. 


Figure  4.  Possible  f.ilure*  in  ths  categories 
baaed  on  concept  of  Figure  5 


2.  PERCEPTION  FACTORS 

As  we  have  already  assn,  the  human  exteroceptive  system  is  one  of  the  most  important  and 
mostly  stressed  part  of  the  aviator's  abilities.  It  i*  very  important  to  stress,  that  the  meaning  of 
any  pattern  of  stimulation  is  a  personal  natter  and  depends  upon  th*  perceive r  as  much  as  upon  ths 
nature  of  th*  stimuli. 

At  any  given  moment  w*  are  surrounded  by  literally  thousands  of  external  stimuli  and  subjected  to 
a  large  number  of  internal  stimuli  a*  wall. 

The  process  of  attending  enablee  ue  to  focue  on  oertain  ones  of  these  stimuli  and  to  ignore  other*. 
Thoee  w*  do  attend  to,  however,  must  be  organized  into  meaningful  patterns  to  permit  us  to  interpret 
them  and  to  reepond  to  them.  An  erroneous  perception  may  result  in  an  error  of  response. 

Stimuli  are  physical  force*  and  energies,  whose  dlmensione  oan  be  measured.  What  these  forces  and 
energies  mean  to  us  individually,  however,  depends  not  only  upon  their  physical  characteristics  but 
upon  the  physiological  and  psychological  characteristics  of  the  pereeiver.  To  be  brief,  th* 
following  three  factors  detsrmin*  th*  quality  of  perception: 


(1)  Tne  nature  of  stimuli. 

(2)  The  characteristics  of  the  speoial  senses  which  translate 
stimuli  into  nerve  impulees. 

(3)  The  past  experience  and  present  condition  or  attitude  of  the  perceiver. 

In  general  there  are  two  types  of  perceptual  errors,  first,  there  are  those  resulting  from  the  ob¬ 
server  ' e  failure  to  correctly  identify  the  stimulus  patterns  he  has  received.  In  the  second  eate- 
gory  are  the  illusions,  i.e.  experiences  in  which  perceptions  can  be  demonstrated  to  differ  fros 
reality  or  to  be  distorted.  These  two  error  categories  will  be  covered  later  and  in  connection 
with  the  discussion  of  Spatial  Disorientation. 

The  third  factor  is  the  built-in  human  tiae-lag. 

Due  to  the  enormous  speeds  and  the  tactical  requirement  to  fly  as  low  as  possible,  it  is  sometiaes 
impossible  to  perceive  a  certain  object,  even  if  illumination,  contrast,  shape,  etc.  are  well  within 
the  perceptability  range.  Figure  5  shows  the  elapsed  tines  from  first  sighting  to  the  change  of 
flight  path. 


OPERATION 

TIME  (seconds) 

For  operation 

From  sighting 

SENSATION  (light  travela  from 
retina  to  brain) 

0.10 

o.lO 

MOTOR  REACTION  (preparatory  stage 

0.175 

0.275 

SYS  MOVEMENT 

o.o5 

0.325 

FOCUSING  WITH  FOVEA 

0.0? 

o.395 

PERCEPTION  (minimum  recognition) 

o.65 

1.045 

DECISION-MAKING  (estimated) 

2.oo 

5.045 

OPERATING  THE  CONTROLS 

o.4o 

3.445 

A/C  CHANGES  FLIGHT  PATH 

2.oo 

FIGURE  5.  Perception  -  operating  and 

elapsed  t‘ne. 


The  sensing  time  is  a  function  of  the  properties  t'  the  signal,  its  slss,  intensity  and  duration, 
and  of  the  sense  through  which  it  la  preeented. 

The  perceiving  time  is  a  function  of  the  complexity  of  the  signal  as  it  must  be  interpreted  before 
a  decision  can  be  made,  once  the  stimulus  has  reached  the  brain. 

The  decision  time  is  a  function  of  the  complexity  of  the  situation.  When  no  decision  is  required, 
the  delaying  effeot  la  small,  but  when  a  decision  is  required  in  a  more  complex  situation,  the  lag 
is  Increased. 

The  response  time  is  a  function  of  the  complexity  of  the  response;  the  position  of  the  control,  the 
force  required  to  operate  it,  the  amount  of  displacement  and  the  limb  which  must  be  used. 

As  time-lag  depends  upon  the  complexity  of  the  situation  and  the  number  of  possible  responses, 
delays  can  be  reduced  if  the  situatioc  ia  simplified  and  the  operator  trained.  Figure  6  shows  the 
significance  of  this  problem  in  respect  to  high  speed-,  low  level  flight. 


Figure  6.  Perception  and  low  level  flight 


At  s  speed  of  450  kta  a  pilot  could  react  to  obstaoles  or  terrain 
features  only  if  they  are  more  than  1.22  km  sway.  If  speed  is  to  be 
increased  and  furthermore  altitude  deoreased,  as  it  will  be  required 
in  actual  combat  situations,  the  human  performer  is  overtaxed.  Using 
hie  natural  seneee,  he  is  unable  to  precisely  navigate  or  avoid  ob¬ 
stacles.  Therefore  the  MRCA-Tornado  has  an  automatically  controlled 
terrain-following-aystem,  coping  with  the  problems  but  making  the  pilot 
an  inactive  aufferer,  with  the  consequence  of  increasing  psychological 
stream.  A  change  of  selection-  and  training  oriteria  seems  to  be  imperative. 
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But  even  at  low  spaede,  aa  in  praciaion  approaehaa  (OCA)  combined  with  marginel  weather  conditions, 
aviators  are  aoaatiaaa  praaaad  into  tha  dangerous  corner  of  lacking  tiaa  for  alternatives. 


Figure  7.  Perception  end  precision  approsch. 

Figure  7  ehowa  a  final  approach  with  a  2  1/2  degree  glide  path  undar  critical  weather  conditions 
with  a  ceiling  at  200  ft  and  visibility  of  800  a,  which  are  allowed  ainima  to  continue  the  approach 
for  coabat-ready  pilots  in  tha  QAF. 

Thera  ia  actually  neither  tiaa  nor  distance  left  for  more  than  one  correction.  With  an  approach 
apsed  of  175  kte  tha  distance  covered  by  the  airplane  is  94  a,  before  the  pilot  can  perceive  any 

visual  cues  froa  the  runway.  Bringing  the  airplane  on  the  desired  course  covers  another  500  a* 

With  a  visibility  of  800  a  there  are  only  200  a  distance  left  to  the  runway  to  furthermore  correct 
for  the  right  position  to  safely  land  the  aircraft. 

Knowing  about  aan'a  natural  limitations,  principal  conei  dernti.-na  V.«»»  to  be  sale  in  His  con¬ 
struction  and  cockpit  layout  perfectly  adapted  to  man. 

3.  HUMAN  ENGINEERING  FACTORS 

Quits  a  number  of  perceptual  errors  could  be  prevented,  if  designers  of  future  aircraft  could 
apply  "Human  Engineering"  in  the  aost  effective  way.  But  often  budgetary  reasons,  tactical  require- 
aenta  or  simply  a  lack  of  coordination  cause  failures  in  an  effort  to  reach  the  optimal  solution. 

It  would  be  iapoesibla  to  cover  all  aapects  partinent  to  aviation.  Therefore  we  have  to  concentrate 

on  the  most  important  aspects  and  select  soae  exaaplaa  to  demonstrate  the  importance  of  aircraft 
equipment  design  in  the  prevention  of  accidents. 

3.1  Display  -  Receptor  Relationships 

The  aviator  cannot  do  a  safe  job  of  controlling  hia  airplane  if  he  is  not  given 
adequate,  accurate  and  timely  inforaation  in  a  form  that  he  can  readily  under¬ 
stand.  (Figure  8  shows  possible  solutions  of  instrument  design  to  display  alti¬ 
tude  and  their  effects  on  error  probability  and  interpretation  time). 
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Figure  8,  Study  in  Altimeter  Scales  (from  Grether) 


When  new  inforaation  had  to  be  displayed,  it  was  comaon  usage  until  a  few  years  ago  to  simply  add 
a  new  instrument  in  the  cockpit,  thus  slowly  approaching  the  aviator’s  limitations  in  perceiving 
and  interpreting  relevant  information  with  sufficient  rapidity.  Quite  often  new  concepts  of  how 
to  transait  visual  inforaation  to  the  aviator  turned  out  to  be  worse. 


In  an  effort  to  reduce  the  nuaber  of  inetruaents  -  basically  a  good  approach  -  important  relevant 
inforaation  was  lost  or  resulted  in  aulti- function,  aulti-ecale,  multi-pointer  monstrosities. 

As  a  result  of  permanent  research  for  optiaal  aircraft  instrument  design,  the  following  fun¬ 
damental  psychological  principles  can  be  listedl 

3.1.1.  Spatial  Analogue 

fne  aviator  needs  eoae  kind  of  a  spatial  pieturs  which  gives  him  a  fixed  re¬ 
ference  frame,  which  is  essentially  non-nuaerical  and  in  whioh  spatial  orien¬ 
tation  can  be  easily  visualised  with  only  occasional  monitoring. 
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3.1.2.  Dimensional  Baalism  of  Indio* 

If  something  iot«9  in  the  real  world,  than  the  Indicator  ahould  move.  If 
something  la  stationary  than  it  ought  to  stay  still  in  tha  display.  This 
principla  applias  to  diraction  as  wall. 

Aviators  ara  usad  to  fixad  airplana  indicators  up  to  this  day  but  as 
provan  in  flight  teats  loving  airplana  representation  is  gererelly 
superior. 

3.1.5.  Pursuit  Displays  va.  Compensatory  Displays 

How  ahould  coaaand  steering#  be  given?  is  it  batter  to  chase  tha  airplane 
into  a  desired  perforaanea  index  (purauit  display)  or  should  tha  pilot  ba 
givan  a  coapaneatory  display  in  which  tha  signal  is  an  arror  signal  and  hia 
task  ie  to  "null"  tha  error?  Usually  tha  purauit  display  is  tha  bast. 

Display  aovaaant  should  rasaabla  tha  diraction  of  tha  arror  itself  rather 
than  tha  direction  taken  to  correct  tha  arror. 

3.1. 4.  Change  of  Sat 

Pilots  have  to  ahlft  thair  attention  from  one  instrument  to  another  to 
gain  overall  information  for  relevant  decision-asking  (cross-check).  To 
aeeist  pilot's  orientation,  especially  whan  ha  ie  in  a  high  workload 
situation,  it  is  aeeential  that  related  displays  ba  interpreted  tha  ease 
way,  have  the  saae  fixad/moving  parts  and  have  about  the  sane  acsle  factors. 


Figure  9.  The  "T"  concept.  (The  horizontal  lina  re¬ 
presents  the  forward-looking  view,  tha 
vertical  line  tha  downward-looking  view). 

3.1.5.  Symbolic  vs.  Pictorial  Displays 

Generally  threa  types  of  reading  functions  are  served  by  flight  lnstruaents. 

a)  Check  reading  for  assurance  of  a  normal  or  desired  indication. 

b)  Qualitative  reading  for  the  meaning  of  a  deviation  from  a  normal 
or  daslred  indication. 

c)  Quantitative  reading  for  the  exact  scale  value. 

Syabolic  Instruments  (dials,  pointers)  can  serve  all  three  types  of 
reading  functions.  However,  it  seems  to  be  of  advantage  to  present 
sttitude,  rate  of  turn,  geographical  position  and  landing  cues  by  direct 
vision.  Tha  effects  ara  less  training, easier  interpretation  and  fawer 
interpretation  errors.  The  development  of  head-up  displays  is  one  step 
in  the  proper  direction.  By  application  of  miniature  electronic  equipment 
iaproveaent  is  still  possible. 


Figure  10.  Advanced  Pictorial  Display 
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3.2.  Effector  Control  Relationships 

The  pilot  ie  capable  of  remarkably  fine  control,  if  tha  control  system  he  works 
with  hae  bean  properly  gauged  to  hie  characterietica. 

Soae  of  the  aoat  important  principles  are  lieted  below. 

(a)  Population  Stereotypee 

Control  aoveaente  in  aircraft  ehould  be  in  the  earns  plane  anl  in  the  eaae 
direction  ae  in  everyday  life. 

(b)  Control  Coding 

The  reaeon  for  coding  controla  ie  to  aake  then  eaey  to  identify.  Proper 
identification  ie  important,  not  only  for  preventing  activation  of  tha 
wrong  control  but  for  leeeening  negative  tranafer  when  the  operator  hae 
to  change  froa  one  control  arrangement  to  another.  The  priaary  coding  ae- 
thode  are  by  ehape,  else,  location  and  color. 

(c)  Control  Forces 

The  forcee  which  ehould  be  coneidered  here  are  thoae  exerted  by  the  opera¬ 
tor  of  the  control  and  the  oppoalng  force  of  the  control  iteelf.  Both  as- 
pects  are  necessary  in  control  eyeteae  and  provide  a  aubatantial  part  of 
the  eo-ualled  internal  feedback  used  by  an  operator  of  a  control  device. 

The  degree  to  which  euch  forcee  are  diecriainable  over  a  wide  range  of 
aoveaent  ia  an  important  Halting  factor  to  the  efficiency  of  operation  of 
any  control  along  with  othere  euch  ae  atrength,  speed  and  fatigue. 

For  the  airplane  etick  the  force  at  and  above  which  the  ratio  of  the  error 
and  the  force  to  be  reproduced  becoaee  constant  and  email  hae  been  found 
to  be  ten  pounde. 

In  aodern  aircraft  control  forcee  are  adjusted  eo  that  when  they  are  operating 
in  regione  of  poor  eeneitivity,  relatively  large  increaente  of  force  are 
required  to  accoaplieh  a  given  ao/snent  and  when  operating  in  regione  of 
better  diecriaination  correepondingly  smaller  increaente  of  force  are  re¬ 
quired  for  that  eaae  aoveaent. 

3.3.  Control-Display  Interrelationships 

In  deaign  and  displacement  of  control/display  elements  the  following  principles 
ehould  be  applied: 

-  Instruaente  having  the  eaae  function  ahould  be  grouped  together. 

-  The  most  critical  displays  and  controls  should  be  placed  in  the  eaeiest- 
to-eee  and  eaaieet-to-reach  positions. 

-  Fundamental  display  and  control  arrangements  should  not  change  froa  one 
airplane  model  to  another.  This  ie  to  prevent  inadvertent  activations. 

-  All  practicable  perception  canals  ahould  be  used.  The  use  of  the  auditory 
canal  has  proven  to  be  very  helpful.  (On-speed  indicator  in  the  F-4, 

SCK  display  and  audio  voicer  warning  systems  like  "Leads  2ooo"). 

-  Frequently  used  eleaents  should  be  placed  in  preferred  locations. 

-  If  controls  are  always  used  in  the  same  sequence,  they  should  be  placed 
together  or  even  be  nads  foolproof. 

-  Never  display  more  information  than  absolutely  necessary. 

All  factors  mentioned  in  Paragraph  3  have  been  adapted  froa:  •'  Aviation  Psychology”  by  N.A.  Bond 
at  al.,  published  by  the  Aviation  and  Missile  Safety  Division, 1962. 

Good  Human  Engineering  is  one  of  the  aoet  fundamental  considerations  in  increasing  pilots  perfor¬ 
mance  capaoity,  especially  in  high  workload  situations,  and  therefore  also  an  important  factor  in 
accident  prevention. 

Any  second  gained  by  excellent  aircraft/display  design  leaves  the  pilot  more  time  to  aake  the  right 
decision,  thus  improving  the  effectiveness  of  mission  accoapliehaent. 

4.  PHYSICAL  FACTORS 

Faulty  functiona  of  the  higher  centers  of  the  central  nervous  systea  have  already  been  listed 
in  Figure  4.  There  are  many  accidents  and  incidents  in  which  it  is  apparent  that  the  sensory  sys¬ 
tem  hae  not  been  at  fault  in  the  perception  and  transmission  of  inforaation  to  the  brain,  but  that 
the  response  of  the  individual  concerned  has  been  delayed,  absent  or  incorrect. 

Generally  the  aviator  is  periodically  end  Intensively  checked  by  the  Flight  Surgeon  or  other  clinical 
authorities,  so  any  severe  sickness  should  be  detected  before  it  could  become  a  hazard  to  the 
aviator.  But  there  are  considerations  to  be  made  about  the  actual  phyaical  condition  of  the  aviator 
prior  to  each  flight.  Often  self-imposed  deficiencies  are  the  firet  link  in  the  chain  of  events 
finally  leed'ng  to  incidents  or  accidents. 

Some  Wsrsaw  Pact  Forces  control  the  actual  physical  condition  of  their  aviators  before  they  start 
into  their  airplanes.  This  certainly  could  not  be  applied  to  Western  Air  Forcee.Th'a  Flight  Surgeons 
should  stress  the  importance  of  absolute  physical  fitness,  asking  pilots  self-aware  of  the  possible 
disastrous  consequences. 

In  the  OAF  pilots  have  to  attend  courses  periodically  in  connection  with  their  aandatory  physical 
exaaination.  These  courses  are  held  by  pilots  which  have  additional  training  including  all 
physiological  aspects  of  aviation. 

Deficiencies  in  the  central  nervous  systea  could  result  from  the  following  self-imposed  stresses: 

-  Hypoglycaeaia 

-  Seifmedication 

-  Excessive  smoking 

-  Hangover 

-  Fatigue. 

These  factors  aay  not  becoae  a  hazard  when  aission  requireaents  pose  no  extraordinary  stress  on  the 
aviator.  But  as  performance  demand  increases,  as  in  an  unexpectedly  occuring  emergency,  or  if  sen¬ 
sory  illusions  are  present,  they  can  aarkedly  reduce  the  aviator's  abilities  to  perfora  and  hia 
tolerance  to  other  in-flight  stresses.  These  more  specific  aero-medical  stresses  could  be: 

-  Cerebral  anoxia 

-  Hyperventilation 
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-  Decompression  sickness 

-  Q-Foreaa 

-  Haat  atraaaaa 

-  Noise  and  vibration. 

Sine#  tha  pilot  cannot  avoid  theaa  atraaaaa,  ha  auat  at  laaat  acknowledge  tha  iaportanca  of  phyaicel 
fitnaaa  in  aviation  aa  ona  iaportant  coaponant  of  hie  paraonal  performance  capacity.  There  are 
direct  intarfacaa  between  aircraft  incidanta  and  accidanta  and  tha  paychophyaiological  condition 
of  tha  pilota  concerned. 

It  would  definitely  make  tha  pilot' a  hair  atand  on  and,  if  tha  craw  chief  would  tall  hia  that  tha 
aircraft  ha  ia  auppoaad  to  fly  ia  a  little  bit  ahort  on  gas,  the  controla  night  not  follow  the  ad- 
■iniatarad  inputa  and  the  electrical  ayataa  aay  have  aoaa  ahort  circuita,  but  everything  alaa  will 
probably  work  fine.  Figure  11  ahowe  tha  affacte  of  phyeiological  and  psychological  coaponenta 
which  could  earva  aa  ataaiato  develop  training  prograae,  eapecially  for  pilota  exhibiting  a 
dacreaaa  in  their  total  psychophysical  performance  capacity. 

In  addition,  hia  actual  phyaical  capacity  ahould  be  cheeked  periodically,  uaing  standardised 
physical  load  taata  with  ECG-monitoring. 


o  MUSCULAR  FUNCTIONS 
o  METABOLISM 
o  CEREBRAL  FUNCTIONS 


o  VEGETATIVE 
STABILITY 
o  CIRCULATORY 
REGULATION 
o  DIGESTION 
REGULATION 


o  KNOWLEDGE, 
SKILLS 

o  APPLICATION  OF 
KNOWLEDGE 
o  CONCENTRATION 
CAPABILITIES 


o  EMOTIONAL  STABILITY 
o  MOTIVATION 

o  EMOTIONAL/ AFFECTIVE 
CONTROLLABILITY 


Figure  11.  The  paychophyaiological  perfornanca 
capacity  and  its  linkags 


5.  PSYCHOLOGICAL  FACTORS 

Psychological  capabilities  and  their  influence  on  performance  under  difficult  aids  conditions 
aa  tins  pressure,  eupsrvisory  pressure,  fear  of  failure  and  a  great  psychological  prsesurs  refer¬ 
ring  to  costly  aan  and  material  responsibilities  are  factors  determining  nan's  capacity  to  safely 
acconplish  a  given  task. 

Alterations  in  attention,  arousal  and  motivation  era  reaarkably  often  present  when  failures  to 
appreciate  or  act  upon  infornation  occur  in  apite  of  an  apparently  adequate  presentation.  Thus  a 
fire-warning  light  may  be  missed,  a  low  fuel  state  ignored,  a  mission  continued,  even  if  the 
prevailing  conditions  would  not  permit  a  eucceaeful  course  of  action  or  a  dangerous  attitude  is 
acquired  while  flying  on  instruments.  Figure  12  shows  the  relation  between  arousal  and  performance. 


PERFORMANCE  LEVEL 


As  we  can  ese,  the  ideal  prerequisite  for  a  maximum  performance  would  be  a  constant  and  relatively 
high  level  of  arousal  not  exceeding  a  certain  level.  To  determine  this  level  and,  above  all, to 
qualify  pilots  to  identify  the  signs  and  symptoms  when  this  peak  level  ie  exceeded  or  not  reached 
takes  a  sophisticated  crew  of  psychologists,  a  realistic  simulation  of  conditions,  producing  certain 
changes  in  arousal  and  last  not  least  a  non-preoccupied  pilot. 

Ae  there  ie  no  progress  concerning  this  field  ws  have  to  accept  the  fact  that  pilota  will  have  to 
find  out  about  their  individual  culminating  point  by  the  "trail  and  error  method",  naturally  some¬ 
times  leading  to  disaster.  Nowsdays  pilots  are  trained  for  nearly  everything,  but  still  lack  badly 
in  training  their  weakest  attributes. 

Fear  and  motivation  ae  controlling  elements  are  perhaps  sufficient  for  everyday  life,  but  not  for 
people  who  have  to  master  technical  apparatus *■  *  far  beyond  their  natural  capacities. 
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Motivation  could  ba  a  stimulant  for  performance,  but  excessive  motivation  night  even  dacraaaa  per¬ 
formance  capacity  to  a  vary  dangerous  dagraa.  Interfaces  between  arousal,  aotivation  and  performance 
are  presented  in  the  following  figure  which  aust  ba  interpreted  three-dineneionallyl 


figure  13*  Arousal,  aotivation  and  parforaanca 

Some  examples:  A  pilot  with  a  low  state  of  arousal  and  low  aotivation  will  not  have  a  good 
parforaanca  capacity,  but  might  develop  aoav  raserves  if  conditions  force 
hia  to  increase  aotivation  (i.e.  due  to  self-preservation  in  a  critical 
situation)'  and  if  the  arousal  level  does  not  exessd  the  optiaal  point,  as 
could  happen  if  he  would  panic  etc. 

A  pilot  might  have  a  aediua  arouaal  level  approaching  the  target  area,  let’s 
suppose  he  aieses  the  assigned  target.  Making  a  new  approach  in  an  effort 
to  definitely  succeed  in  hitting  the  target,  his  aotivation  exceeds  peak 
liaits,  actual  parforaanca  decreases  and  the  arousal  level  Bay  increase 
rapidly  with  the  risk  of  exceeding  aircraft  limitations  and  subsequent  stall. 

A  pilot  enters  his  aircraft  after  having  had  personal  anger.  His  arousal 
level  is  high,  aotivation  to  fly, low.  His  overall  performance  capacity  is 
vary  low.  He  is  a  potentially  dangerous  aviator,  since  it  is  very  likely  that 
he  will  coamit  errors  even  if  no  additional  parforaanca  capacity  is  required. 

A  pilot  flies  a  cross-country  aission  at  a  very  high  altitude.  Due  to  lack 
of  visual  cues  a  diainution  of  awareness  of  his  surroundings  results.  He  gets 
bored.  This  is  often  accompanied  by  delusions  or  hallucinations,  commonly 
called  the  "Break-Off  Phenoaenon". 

Unfortunately,  those  conditions  are  almost  never  questioned  in  the  course  of  aircraft  accident  in¬ 
vestigations  but  are  aost  frequently  attributing  conditions  in  accidents  or  incidents,  as  revealed 
by  a  recent  study  with  aore  than  1400  pilots. 

In  addition  to  those  aore  situational  conditions,  person-imaanent  conditions  which  do  not  change 
significantly  or  only  over  a  longer  period  of  time  are  iaportant  to  be  monitored  by  appropriate 
authorities.  This  is  particularly  important  if: 

-  A  new  weapon  system  is  being  introduced. 

-  New  aission  profiles  are  demanded. 

-  A  change  in  pilot's  social  status  or  environment  has  occurred. 

-  Any  personality  alterations  are  observed. 

-  Any  illness  followed  by  a  longer  period  of  grounding  was  experienced. 

-  A  pilot  wee  involved  in  an  accident  or  incident. 

Figure  14  shows  the  loops  concerning  the  factors  mentioned. 


'  (Pugh  and  Gunderson,  1979) 

Figure  14.  Situational  risk  faetora 

In  addition  to  the  failure  to  respond  in  accordance  with  the  relevant  situation  due  to  ineffective 
changes  in  arousal  and  motivation,  deficiencies  of  reflex  response  sight  be  the  cause  for  an  error. 
Each  alteration  in  the  sensory  input  during  flight  must  be  recognised,  aeaessed  and  acted  upon, 
whenever  necessary,  if  control  ie  to  be  maintained. 

These  responses  may  be  at  a  conscious  level,  with  reasoning  as  an  intermediate  between  stimulus 
and  rsepones,  or  purely  reflex  without  necessarily  being  consciously  recognised.  Using  these  two 
types  of  preeponeee,  being,  in  ths  broadest  senes,  varieties  of  established  reflex  behaviour, 
different  types  of  deficiency  in  positive  response  may  be  described. 

(a)  Lack  of  training  represents  failure  to  establish  the  baaie  for  response ,  aincs 
ths  latter  may  be  delayed  or  incorrect,  owing  to  ths  need  to  analyze  ths  prob¬ 
lem  and  decide  upon  a  course  of  action  without  the  help  of  previous  training. 
This  cauese  ths  pilot  to  lose  valuable  consciousness  capacity  and  time  for 
optimal  decieion  finding. 

(b)  Lack  of  experience  implies  an  insufficient  opportunity  for  the  establishment 

of  reflex  response  patterns.  Ths  result  is  either  a  lack  of  finesse  in  handling 
(poor  technique),  or  a  delay  or  inability  in  executing  a  graded  response  or 
choice  of  responses  (poor  judgement  or  a  slow  reaction),  which  could  be  either 
a  temporary  stats  or  an  inherent  characteristic  of  an  individual. 

The  kybsrnetic  modal  of  information  flow  in  humans,  as  it  has  been  developed  by  H.  Frank,  shows 
the  limited  capacity  of  consciousness.  The  more  action  programs  installed  by  appropriate  training 
and  sxperience,  making  actions  to  a  mors  reflex  type  of  response,  the  greater  the  pilotfs  reserves 
to  deal  efficiently  with  unexpected,  rapidely  changing  external  conditions. 

The  problems  of  searching  for  relevant  information  when  pilots  are  lacking  training  or  ex¬ 
perience  are  dua  to  the  fact  that  they  have  to  use  their  long-term  memory  in  connection  with  their 
coneciouaneee  and  the  appropriate  sensory  projection-  or  association  centers. 

Thus  a  pilot  who  has  not  been  flying  for  more  than  six  weeks  will  search  for  switches,  has  a  longer 
reaction  tine  and,  on  the  emotional  side,  will  feel  uncomfortable.  Therefore  simulator  flights  and 
at  least  one  dual  flight  with  an  instructor  pilot  has  to  be  accomplished  before  he  should  be  sche¬ 
duled  for  an  actual  operational  flight.  rigure  19  on  the  next  pegs  shows  the  loops  and  ths  capacity 
of  the  components  concerned,  expressed  in  binary  digit  numbers. 

Most  accidents  happened  because  pilots  just  did  not  make  the  right  decieion  and  chose  a  wrong 
course  of  action.  It  is  therefore  important  to  determine  the  charectsrietice  of  dscieionc  in 
flying  and  the  characteristics  of  the  aviator  ae  a  decision-maker. 

This  might  lead  to  a  better  understanding  of  the  evidence  that  an  aviator  did  not  do  what,  after 
the  smoke  had  cleared  away,  eaemed  to  havs  been  the  beat  thing.  Whether  anyone  could  have  done 
better  if  placed  in  the  same  situation  often  is  not  certain.  Nevertheless,  making  deciaiona  in  the 
cockpit  ie  a  difficult  job.  In  fact,  some  of  ths  decisions  thst  are  required  of  aviators  have  been 
and  are  beyond  human  capabilities.  But  w<-  need  men  in  aircraft,  not  becauae  he  ie  such  a  good 
decieion-maker  but  rather  because  he  is  the  only  true  decision-maker  ws  have.  We  should  make  ths 
beet  of  hie  capabilitiea  by  providing  him  -  th  good  training  and  well-designed  cockpits. 

The  more  understanding  of  ths  characteriet  >•  of  decisions  in  flying  can  be  accomplished,  ths  better 
can  hie  demands  be  met.  Due  to  the  complex  y  of  this  problem,  which  would  go  beyond  the  scope  of 
this  lecture,  the  main  characteristics  art  listed  as  follows: 


W 
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ACTION 

Figure  15.  Inforaation  Flow  Model  (after  U.  Frank) 

Ch*r*eteri*tic*<  -  Liaited  tin* 

-  Liaited  inforaation 

-  Liaited  alternatives 

-  Interdependent  alternative* 

-  Serious  conaequences. 

The  characteristics  of  the  aviator  as  a  decision-aaker  are : 

-  Flexibility  in  dealing  with  events. 

-  Broad  understanding. 

-  Self-progr easing 

These  characteristics  are  good  attributes.  But  as  already  discussed  before  we  heve  ti,  admit  thst 
the  svistor  ia  Mostly  vulnerable  to  distortions  like: 

-  Subjective  perception. 

-  Confusion. 

In  suaaary,  the  beat  general  rules  for  improving  decisions  to  be  sade  by  pilots  are: 

-  Make  the  decision  as  sisple  and  autonstie  aa  possible. 

-  Do  everything  possible  to  help  the  aviator  anticipate  the  kinds  of  decisions 
he  will  aost  probably  have  to  Make. 

-  Provide  continuoua  training  and  practice  in  handling  the  operating  aitustlons 
where  judgeaent  is  critical. 

-  Take  the  particular  kinds  of  decision-asking  skills  required  into  account 
when  selecting  a  aan  and  e  systea  for  the  deteralned  job. 

6.  SPATIAL  DISORIENTATION  AS  EXAMPLE  FOR  THE  COMPLEXITY  OF  HUMAN  FACTOR  IN  AIRCRAFT  ACCIDENTS. 

At  this  point  it  is  practicable  to  elucidate  the  previously  covered  srese  by  aesna  of  an 
exeapl*  quit*  frequently  leading  to  disaster.  Thet  is  "Spatial  Disorientation". 

Priaarily,  orientation  is  illustrated  by  Figure  16  on  the  next  page. 

Sensory  illusions  produced  by  the  functional  structure  of  the  organs  of  the  inner  ear  force  the 
pilot  to  cop*  with  contradictory  inforaation.  thus  degrading  hia  progranaed  sensorlaotor  capabili¬ 
ties  with  the  possible  result  of  uncoordinated  flight  or  wrong  action  pcogrsaa.  Figure  17  shows 
the  curves  and  coaponents  leading  to  orientation  or  disorientation. 

The  psychological  effects  of  changes  in  the  pilot's  state  of  arousal  prior  to  and  during  flight 
aust  b*  analyzed  and  added  to  the  physiological  probleaa.  figure  18  shows  these  effects. 
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7 iguga  16.  In- flight  orientation _ (after  Qllllea,  1965) 
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figure  17.  Spatial  dieorlentatlon  In  flight 
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figure  18.  Arousal  and  apatial  dieorlentatlon  (after  Qllllaa,  198?) 


5-14 


Finally,  aarginal  situational  external  and  internal  condition*  likt  bad  weather,  terrain, 
physical  strsasora  by  th*  natur*  of  flight  (O-forcss,  turbulsncs (Vibration,  stc.),  flight  order, 
atatus  of  th*  pilot,  aircraft  typ*  and  psychological  factors  like  excessive  Motivation  to  succeed, 
a  lack  of  risk  awareness  or  iapossd  supervisory  pressure  deterain*  th*  treaendous  :oapl*xity  of 
factors  engaged  in  what  accident  figures  express  in  th*  staple  tern:  "Busan  Factor". 

Figure  19  shows  th*  findings  concerning  Spatial  Disorientation  as  analysed  by  a  study  recently 
coapiled  by  th*  Director,  Federal  Araed  Forces  Flight  Safety,  in  cooperation  with  the  German  Air 
Force  Institute  of  Aerospace  Medicine.  In  this  figure  the  frequency  of  factors  is  expressed  by 
different  aise  boxes,  th*  interconnections  (syndroaes)  by  ti*d-in  lines. 
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7.  AIRCREW  SELECTION 

Effective  aircrew  selection  is  one  of  the  noet  important  factore  in  saving  costs  and  getting 
the  right  people  for  the  job.  The  training  capabilities  of  an  individual  ie  a  function  of  hie 
physical  and  psychological  predispoaition.  The  aodern  clinical  methods  of  checking  the  physical 
status  of  flight  candidates  are  generally  quite  eufficient  to  predict  the  aptitude  to  become  a  pilot. 
But  coneideratione  should  be  Bade  to  check  the  candidates  in  respect  to  their  possible  future  as- 
eignaent.  Organised  physiological  criteria  hare  to  be  established  and  additional  tests  like  centri¬ 
fuge  rune  in  order  to  check  the  individual  Q-tolerances  have  to  be  perforaed  to  preeelect  the 
candidatee  before  they  etart  pilot  training. 

On  the  psychological  side,  it  ie  auch  more  complicated  to  establish  criteria  which  could  produce 
the  leaet  loss  rate.  Carefully  Bade  studies  revealed,  that  the  following  criteria  essentially 
deteraine  aan'e  ability  to  fly: 

(1)  The  ability  to  screen  consciousness  against  aission- irrelevant  external  and  internal 
cues  and  to  maintain  a  high  level  of  attention  over  a  longer  period  of  time. 

(2)  The  ability  to  devote  attention  to  aultiple  subjects  and  events. 

<5)  Above  average  capabilities  in  the  area  of  perceptive  and  aental  interest  ice- proceed  eg 
and  in  psychoaotor  coordination  and  precision. 

(4)  Good  short-tera  and  long-term  aeaory. 

(5)  The  ability  to  tolerate  stress  of  any  kind,  without  reacting  with  emotional  or  soaatic 
syaptoas  or  loss  of  perfornance. 

(6)  The  ability  to  react  properly  on  rapidly  changing  situations  as  in  emergencies,  not 
only  in  a  procedural  manner,  bat  in  a  flexible  course  of  action. 

(7)  A  certain  degree  of  agreeeiveneaa  and  proper  riek-cognizance. 

(8)  High  performance-  and  flight  motivation  united  with  strong  self-confidence  into  the 
inhabited  Individual  performance  capacity. 


To  meet  these  criteria,  the  selectional  process  should  include: 


(a)  A  psychological  preselection. 

(b)  A  general  psychological  exaaination,  using  aodern  teat  equipment  (analyzer-eystems). 

(c)  A  general  military  training  (Officer's  School,  Academy,  etc.). 

(d)  A  screening,  including  academics  and  actual  flying  (Solo),  monitored  by  military 
superiors  and  aviation  psychologists. 

The  selectional  syetem  presently  used  by  the  German  Federal  Armed  Forces  has  a  70  to  5 096  ratio, 
i.e.  from  <ne  hundred  candidates  thirty  will  actually  start  Undergraduate  Pilot  Training  (UPT). 
Within  UPT  and  advanced  pilot  training  only  an  additional  5  -  1096  are  washed  out. 

Without  consequent  psychological  selection  more  than  5096  would  be  washed  out  during  the  different 
flight  training  phase*.  As  pilot  training  costs  inti ease,  vain  invaataanta  will  considerably  in¬ 
crease  the  budgetary  burden. 


Selection  of  the  right  man  for  the  aviator's  job,  teaching  him  how  to  fly  and  then  how  to  use  the 
airplane  as  a  weapons-platfora  ia  well  monitored  and  evaluated.  But  then,  after  pilots  get  combat- 
ready,  the  efforts  of  monitoring  and  controlling  those  previously  checked  qualities  becomes  negli¬ 
gent,  or  self-induced  system  constraints  lead  to  deficiencies  with  the  result  of  an  extraordinary 
increase  in  accidents  or  incidents. 

Quite  often  only  on*  variable  in  the  complicated  loop  has  to  be  changed  to  do  away  with  the  problem. 
It  ie  therefore  important  to  continuously  adapt  the  man-machine  / machine-man  loops  and  control  the 
reeults  under  operational  conditions  to  optimize  performance  and  reliability. 


ADAPTATION  MAN  -  MACHINE 
(eultable  for  requirement*) 


ADAPTATION  MACHIN"  -  MAN 
(anthropological) _ 


o  Establishment  of  physical  and  psychological 
standards 

o  Selection  of  adequate  candidatee 
o  Training  of  selected  personnel 
o  Organization  and  management  of  personnel 
o  etc. 


o  Cockpit  design 

o  Design  of  controls  and  regulators 
o  Installation  of  computers 
o  Development  of  survival  equipment 
o  etc. 


SYSTEM  -  CONTROL  UNDER 
OPERATIONAL  CONDITIONS 


o  Analyzation  of  technical  and 
human  deficiencies 
o  Accident  cause  investigations 
o  Diagnose*  of  physical  and  psycho¬ 
logical  adaptation  problems 


CORRECTIONS  IN  THE  HUMAN  SUBSYSTEM 


CORRECTIONS  IN  THE  TECHNICAL  SUBSYSTEM 


o  Special  training  programs 

o  Medical  and  psychological 
rehabilitation  and  prevention 


o  Modification  and  information 
about  critical  technical  syetea- 
componente 


•{optimization  OF  PERFORMANCE  AND  RELIABILITY  I- 


Figure  20.  Adaptation  components  in  man-machine  systems  (after  K.  Gerbert) 


INCR&A5C 
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8.  CONCLUSION 

An  inherent  hazardous  accident  potential  can  be  found  in  the  structures  of  pilots,  asdia, 
aachines,  and  aissions.  ''Pilot  Srror"  or  "Huaan  Factor"  are  commonly  used  categories  but  are 
surely  rude  siaplifications  becauae  they  are  aostly  crosa-coupled  with  conditions  which  are 
hardly  to  be  aanipulated  by  the  pilot  in  his  cockpit.  They  soaetiaes  even  exceed  his  adaptation 
capabilities.  In  our  recent  study  aade  with  1460  pilots  we  hate  asked  for  all  possible  factors 
and  conditiona  leading  not  only  to  accidents  but  to  "siaple"  critical  situationa,  too.  Ths  big 
advantage  of  the  study  waa  in  the  absolute  anonyaity  assured  to  the  pilots.  Figure  21  shows  the 
aost  frequent  conditions  found  in  the  evaluated  questionnaires  combined  with  a  possible  realistic 
mission-demand  profile. 


PREVAILING  ' INTERNAL '  FACTORS  IN  TBS  ORIGINATION  OF  CRITICAL  SITUATIONS  AND  FAILURES 
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PREVAILING  'EXTERNAL'  FACTORS  IN  THE  ORIGINATION  OF  CRITICAL  SITUATIONS  AND  FAILURES 


Figure  21.  Accident-Zone  Model. 


As  evident,  the  safety  Margin  increases  with  decreasing  intra- personal  negative  factors  impairing 
flying  perforaancs  and  moreover  with  dscreasing  marginal  external  conditions. 

The  safety  margin  decreases  as  ths  sum  of  internal  and  external  marginal  conditions  increases. 

A  simple  formula  to  increase  flight  safety  in  aviation  would  be:  Increasing,  respectively  maintaining 
human  performance  capacity  plus  reducing  demands  and  stresses.  ~  " 

Ths  application  of  this  formula  in  the  field  of  military  aviation  naturally  has  limitations 
depending  on  mission  requirements,  complexity  of  weapon  systsms  and  unmanageable  environmental  factors. 
To  deersase  absolute  accident  rates,  cause  and  condition  variables  should  bs  carefully  monitored 
in  an  effort  to  modify  critical  variables,  thus  preventing  the  accumulation  of  unfavourable  con¬ 
ditions  and  diminishing  destructivs  combinations  and  effects.  This  is  particularly  true  for  the 
physical  and  psychological  conditions  as  well  as  for  organisational  and  proficiency  conditions. 
Avoidable,  changeable  or  at  leaat  diminishabls  variables  are: 
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(1)  Educational-  and  training  state  of  flight  crews. 

Tha  raaponaibla  superiors  should  know  about  tha strong  and  weak  points  of  thair 
assigned  pilots  or  craws  and  ralata  thair  actual  parforaanca  capacity  to  the 
requirements  of  tha  proposed  mission.  In  addition  tha  prevailing  environmental 
conditions  have  to  ba  taken  into  consideration. 

Craws  should  ba  inforaad  and  trained  to  copa  with  specific  danger  areas  of  cer¬ 
tain  aissions,  and  decision  alternatives  in  connection  with  a  possible  change 
of  external  conditions  (i.a.  weather)  should  be  planned. 

Hying  safety  cannot  be  emphasised  if  at  the  aaae  time  the  pilot  is  forced 
into  Bission  accoaplishaent  when  prestigeous  exercises  are  to  be  perforaed. 
Responsible  coaaanders  should  have  aeans  to  continuously  and  objectively  assess 
the  flying  proficiencies  and  capabilities  of  their  assigned  crews. 

Qrading  aysteas,  not  only  for  students  but  for  operational  coabat-ready  pilots, 
have  to  be  eatabliahed  to  prevent:  ’'flight  ordera  beyond  pilot's  capability". 

The  training  programs  are  to  be  checked  if  crews  are  sufficiently  prepared 
for  the  demands  posed  on  then  in  operational  flight  not  only  concerning 
special  events  but  also  possible  deaands  which  could  result  froa  abrupt 
changing  environmental  conditions.  This  is  particularly  important  during  low 
level  flying  under  marginal  weather  conditions. 

(2)  Lack  of  superintendence. 

Inadequate  flight  preparation  is  one  of  the  aajor  factors  producing  excessively 
high  arousal  levels  with  subsequent  significantly  higher  chances  of  decision¬ 
making  errors  which  then  could  be  the  first  link  in  the  chain  of  events  leading 
to  incidents  or  accidents. 

Furthermore,  the  time  pressure  often  induced  by  superior  commands  or  coaaanders 
in  connection  with  a  certain  supervisory  pressure  has  to  be  avoided  if  flight 
safety  is  paramount  to  mission  accomplishment  in  a  peacetime-training  environment. 
All  this  can  only  be  assured  if  the  right  man  is  placed  in  the  right  position. 
Special  criteria  and  courses  have  to  be  eetasliahed,  covering  all  areas 
concerned  in  the  man-mission-aediun-machine-managenent-complex,  especially 
for  personnel  responsible  for  the  actual  crew-mission  coupling. 

(3)  Relevant  conservation  of  internal  condition c. 

Degradations  in  physical  and  psychological  performance  capabilities  are  typical 
error-provoking  conditions.  Personal  conflicts  and  problems,  anger  and  dis¬ 
satisfaction  with  the  job  are  important  side  conditions  which  have  to  be  eli¬ 
minated  by  proper  leadership  technique  as  they  directly  relate  to  flight  safety. 

Nevertheless,  quite  a  number  of  pilots  and  responsible  military  leaders  when  asked  about  their 
personal  efforts  about  preventive  aeasures  for  flight  safety  stick  to  the  old  saying: 


"You  cannot  aake  an  oaelette  without  breaking  eggs  I" 


This  is  absolutely  correct  in  tines  of  war,  but  in  line  with  that  old  saying  all  possible  efforts 
should  be  aade,  not  to  "drop  too  aanv  earns  on  the  wav  from  the  refrigerator  to  the  bowl I" 

This  ia  particularly  true  nowadays  as  inflation  aakes  the  prices  go  up  and  "good  cooka  are  hard 


5-18 


REFERENCES 

(1)  Oilliee,  J.A.,  A  Textbook  of  Aviation  Physiology.  Perganon  Press,  1965* 

(2)  Bond,  N.A.  et  al . ,  Aviation  Psychology.  Aviation  and  Hiaaila  Safety  Division, 

University  Collage,  Univarsity  of  Southern  California,  March  1962, 

(3)  Oerbert,  K.,  Abrifl  der  flugpsychologle.  Oeraan  Air  force  Institute  of  Aerospace  Medicine, 
Aviation  Psychology  Branch,  (not  published) . 

(4)  Birbauaer,  N.,  Phyelologlsche  Peychologle.  Springer  Varlag  1 975 * 

(5)  Murrell,  K.P.H.,  Ergonoale.  (Ergonoaice-Man  in  his  working  anvironaant  (1969)), 

Icon  Varlag,  1971* 

(6)  Roscoe,  S.N.,  Aviation  Psychology.  The  Iowa  State  University  Prasa,  Aaaa,  I960* 

(7)  Stainbuch,  K.,  Automat  und  Mansch.  Kybarnatischa  Tateachen  und  Hypothasan,  Springer 
Verlag,  1965. 

(8)  Uassenstein,  B. .Biologiache  Kybernetik,  Quelle  und  Meyer  Varlag,  Heidelberg,  1967. 

(9)  Chopping,  D.F.,  Sicharhsit  in  dsr  Luftfahrt,  Interavia,  Schweiz,  Vol  32,  1977, 

Jan.,  S.  67-68 

(10)  Haakoson,  N.H.,  Investigation  of  Life  Change  as  a  Contributing  factor  in  Aircraft 
Accidents:  A  Prospectus,  presented  at  3Ckv Meeting,  Sept,  V8. 

(11)  LsPage,  W.A. ,  at  al.,  "A  Conceptual  Modal  for  the  Effects  of  Operational  Str.  'S" . 

1976,  AClABD-CP-181,  p.  C9-1. 

(12)  Franks,  H.W.,  Per  Informatloneumeatz  la  Menachen,  Deutachss  Xrzteblatt,  Nr.  27/ 

5.7.1969. 

(13)  Friedrich,  J.,  Zur  Begrlf febest lamung  und  Erfaesung  der  Lelstungsftihlgkelt  sue 
luftfahrtmediglnlecher  und-psychologlscher  Slcht ,  Zsltschrlft  fiir  MllltKrmadlzln. 

3/78,  DDR. 

(14)  Qsrbert ,  K.,  et  al.,  Der  faktor  Henech  und  seine  Bazlehung  zu  Uawelt-  und  anderen 
Randbedlngungen .  Studis,  General  flugsicherheit  in  dsr  Bundeswehr,  April  1982. 

(Restricts* ). 

(15)  Oerbert,  K.  and  Spohd,  0.0. ,  Investigation  of  Human  Factors  In  Aircraft  Accidents 
and  Incidents  of  the  Oeraan  Air  Fores.  A3MA  -  Meeting,  kay  1982.  Bal  Harbour.  FI.  USA. 


PATHOLOGY  ASPECTS  OF  THE  HUMAN  FACTORS  INVESTIGATION 


6- 


Professor  J.K.  Mason, 

Regius  Professor  of  Forensic  Medicine, 
Teviot  Place, 

Edinburgh, 

Scotland,  EH8  9AG. 


SUMMARY 


This  lecture  outlines  the  principles  of  aviation  pathology  with 
particular  emphasis  on  utilising  autopsy  examination  in  search 
of  the  twin  objectives  of  establishing  the  cause  of  the  accident 
or  assessing  the  reason  for  fatalities  occurring;  in  this  mode, 
forensic  pathology  is  an  expression  of  preventive  meuicine. 

Possible  causes  for  the  accident  are  to  be  found,  in  the  main, 
through  the  examination  of  the  flight  deck  crew;  such  causes 
may  be  pathological,  toxicological,  physiological  or  mechanical. 
Abnormalities  are  often  easy  to  find;  the  lecture  emphasises 
that  the  major  difficulty  lies  in  interoretation  of  the 
findings.  The  prevention  of  fatal  accidents  is  illustrated 
by  the  use  of  pathology  in  the  development  of  the  ejection  seat 
and  by  a  study  of  light  aircraft  accidents  resulting  in  fatal 
head  injuries.  In  accidents  involving  large  aircraft,  the 
importance  of  establishing  a  pattern  of  injuries  so  as  to 
indicate  the  type  of  the  accident  is  enlarged  upon.  Pathology 
is  regarded  as  an  essential  part  of  the  investigation  of  an 
aircraft  accident  but,  like  any  other  discipline,  it  only  functions 
at  its  best  in  the  context  of  a  'group  system’. 


In  this  lecture,  I  am  going  to  consider  only  the  wholly  fatal  accident.  The 
pathologist  has  a  role  to  play  in  circumstances  of  partial  survival  but,  in  general, 
this  will  be  of  confirmatory  value  only,  since  better  evidence  will  be  available  from 
other  sources.  The  situation  is  different  when  the  only  human  evidence  is  to  be 
derived  from  cadavers.  The  contribution  of  the  human  factors  team  then  rests  on  purely 
deductive  reasoning;  the  forensic  pathologist's  part  in  accident  investigation  is  as 
great  or  greater  than  it  is  in  the  investigation  of  homicide  and  his  input  must  be  of 
the  same  quality  -  and  receive  the  same  consideration  from  the  other  investigators. 

The  pathologist  must  depend  to  a  very  great  extent,  but  not,  as  we  shall  see, 
entirely,  on  the  autopsy.  His  function  in  undertaking  a  post-mortem  dissection  is 
far  more  than  ascertaining  the  cause  of  death  and,  in  the  case  of  multiple  fatalities, 
more  than  assisting  in  the  identification  process.  He  should  be  striving  towards  twin 
goals: 

(a)  to  discover  the  cause  of  the  accident  with  the  ultimate  objective  that  someone  will 
eliminate  that  cause  from  future  operations.  If  he  cannot  do  this  -  and  not  all 
accidents  can  be  prevented  -  he  has  a  second  useful  line  of  approach  which  is 

(b)  to  discover  the  cause  of  a  fatal  accident.  This  is  essentially  a  matter  of 
disclosing  the  injuries  sustained,  correlating  these  with  the  safety  equipment  in 
use  and  thus  providing  the  evidence  by  means  of  which  that  equipment  may  be 
improved. 

These  two  objectives  are  not  quite  the  same  but  both  are  devoted  to  saving  lives 
in  the  future.  The  first  applies  this  principle  on  a  community  basis,  the  second  is 
devoted  to  the  safety  of  the  individual. 

The  cause  of  the  accident 


With  the  major  exception  of  sabotage,  which  I  propose  to  deal  with  in  my  second 
lecture,  the  cause  of  an  accident  is  most  likely  to  be  found  as  the  result  of  autopsy 
on  the  pilot  or  on  the  flight  deck  crew.  This  means  to  say  that,  since  discovery  of 
the  cause  is  the  fundamental  reason  for  the  investigation,  the  autopsy  of  the  flight 
deck  personnel  is  essential.  There  can,  in  my  opinion,  only  exceptionally  rarely  be 
valid  reasons  for  not  carrying  out  this  investigation. 

It  is  useful,  again,  to  have  some  indication  of  objectives  and  we  can  divide 
these  into  four  categories  of  cause  which  are  potentially  discoverable  by  the 
pathologist: 

(a)  Pathological 

(b)  Toxicological 

(c)  Physiologioal 

(d)  Mechanical 


Pathological  Cause s 
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1  start  with  this  aspect  because  it  is  most  clearly  that  which  one  would  expect 
the  pathologist  to  recognise.  Basically,  we  are  seeking  disease  in  the  pilot  which 
has  affected  him  to  the  extent  that  it  has  caused  an  accident1. 

In  the  ordinary  run  of  forensic  work,  the  discovery  of  disease  is  not  difficult 
and  its  interpretation  is  relatively  simple.  But  once  one  introduces  the  variable  of 

trauma,  the  skill  required  of  the  pathologist  becomes  greater  . 

Firstly,  there  are  purely  technical  difficulties.  The  diseased  tissue  may  be 
destroyed  or  the  appearances  may  be  modified  by  trauma  -  as  an  example,  a  naturally 
occurring  cerebral  haemorrhage  may  be  'masked'  by  injury  to  the  head.  What  is  less 
commonly  appreciated  is  that  trauma  may  mimic  disease  and  disease  may  mimic  trauma. 
Unfortunately,  this  is  particularly  true  of  coronary  disease  where  the  disruptive 
effects  of  an  acute  intramural  haemorrhage  may  be  indistinguishable  from  those  due  to 

injury  to  the  heart;  similarly,  the  pulmonary  appearances  of  acute  left  ventricular 

failure  are  very  similar  to  those  of  ulmonary  concussion.  Moreover,  a  disease 
process  may  be  interrupted  by  trauma.  It  is,  for  example,  easy  to  diagnose  a 
myocardial  infarction  in  normal  sudden  death.  But  in  the  aviation  situation,  all 
that  needed  to  precipitate  an  accident  is  an  anginal  pain;  there  is  then  no  time 

fdi  ardial  changes  to  occur  before  death  results  from  trauma. 

Secondly,  there  are  difficulties  of  interpretation.  Whenever  disease  is 

discovered  we  must  ;  se  for  ourselves  three  alternatives:  was  it 

(a)  Causative 

(b)  Contributory 

(c)  Merely  incidental  to  the  '-esulting  accident? 

This  difficulty  is  especially  well  illustrated  by  the  condition  of  coronary 
atheroma  wh"  ch  occurs  significantly  in  up  to  one  quarter  of  those  of  aircrew  age2  and 
which  is  often  responsible  for  sudden  death  without  any  evidence  of  acute  exacerbation. 

The  first,  and  major,  lesson  to  be  learned  is  that  discovered  pathology  can  only  be 
properly  interpreted  in  the  light  of  the  circumstantial  evidence;  and  the  circumstantial 
eviaence  will  include  the  incidence  of  the  condition  in  the  population  at  risk. 

Taking  this  rule  one  stage  further,  we  can  appreciate  that  the  likelihood  of  a 
diseas:-  actually  causing  an  accident  is  a  product  of  the  severity  of  the  disease  ana  the 
stressfulness  of  the  circumstances;  minor  disease,  which  might  go  unnoticed  in  a  cargo 
flight,  may  be  lethal  to  a  fighter  pilot.  1  regard  this  as  sufficiently  important  to 
recommend  that,  in  normal  peace  time  conditions,  combat  aircrew  should  be  positively 
discouraged  from  training  flying  while  suffering  from  any  disability.  By  contrast,  the 
presence  of  some  disease  may  be  acceptable  in  certain  circumstances  particularly  when,  as 
with  coronary  atheroma,  the  elimination  of  all  disease  also  severely  reduces  experience- 
an  adequate  double  crewing  routine  is  a  far  greater  safeguard  against  a  disease  provoked 
airline  disaster  than  is  any  increase  in  the  sophistication  of  electrocardiographic 
techniques. 

Also  to  be  considered  under  this  heading  are  those  diseases  which  leave  no  trace  at 
autopsy.  The  most  important  of  these  is  epilepsy,  to  which  I  shall  return,  but  the  most 
complex  to  evaluate  are  the  simple  psychiatric  disorders.  The  confident  attribution 
of  a  causative  role  to,  say,  anxiety  is  almost  impossible  but  the  possibility  leads  us 
to  a  second  lesson  which  is  that  the  forensic  expert  must  be  in  possession  of  a  medical 
history  of  a  fatality  before  he  can  adequately  interpret  his  findings. 

Toxicological  Causes 

Toxicological  causes  of  accidents  may  be  endogenous  or  exogenous.  In  either  event, 
the  same  cautious  approach  must  be  taken  as  has  been  indicated  with  pathology  -  the  mere 
identification  of  a  toxic  substance  or  product  is  insufficient;  what  matters  is  the 
interpretation  of  the  laboratory  findings.  Moreover,  we  must  be  assured  of  the  adequacy 

of  our  technique;  a  laboratory  method  which  is  designed,  say,  to  identify  a  suicidal 
level  of  a  toxic  substance  in  a  fresh  specimen  may  be  quite  unsatisfactory  for  determining 
levels  sufficient  to  cause  an  accident  in  a  severely  traumatised  or  putrified  body. 

Endogenous  causes.  Here  I  would  include  alcohol  and  drugs.  In  brief,  alcohol  appears 
to  be  a  problem  only  in  private,  general  aviation  where  something  of  the  order  of  16  per 
cent  of  fatal  accidents  are  alcohol  associated-^;  the  influence  of  the  'hangover'  on 
military  aviation  accidents  does  not,  however,  seem  to  have  been  fully  evaluated.  The 
most  important  investigative  problem  lies  in  the  interpretation  of  blood  levels  derived 
from  post-mortem  specimens  but  1  will  return  to  this  under  the  heading  of  medico  legal 
aspects. 

Drugs  also  seem  to  be  concerned  only  with  general  aviation  accidents  and  post  major 
difficulties  for  the  investigator.  It  is  time  consuming  and  costly  to  examine  for  drugs 
at  therapeutic  levels  in  a  purely  random  manner.  Selection  is  necessary  and  th<  services 
of  a  specialised  laboratory  are  essential.  The  problems  of  interpretation  then  become 
maximised.  For  example,  who  is  to  say  that  a  pilot  on  recognised  doses  of  an  anti- 
nauseant  is  any  more  or  less  dangerous  than  one  who  is  suffering  from  air  sickness?  The 
presence  of  drugs  may  indicate  a  significant  underlying  disease  but  this  evidence  may  be 
of  both  a  positive  and  negative  nature.  Thus,  the  finding  of  phenobarbitone  could 
suggest  that  a  casualty  was  an  epileptic;  but  the  absence  of  drugs  in  a  man  who,  from 
the  circumstantial  evidence,  was  thought  to  be  an  epileptic  might  be  very  significant 
evidence  that  the  accident  was  due  to  the  disease4. 
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Exogenous  Causes.  While  furies  of  several  sorts  could,  theoretically,  affect 
aviators,  1  will  discuss  here  only  carbon  monoxide  because  this  gas  poses  a  practical 
problem  and  illustrates  well  the  recurring  dilemmas  of  interpretation. 

Carbon  monoxide  intoxication  should  be  sought  in  every  fatal  vehicular  accident 
not  only  to  exclude  frank  pilot  or  driver  incapacitation  but  also  because  it  may 
indicate  the  presence  of  an  engine  defect.  It  cannot,  however,  be  stressed  too  s^'ongly 
that  the  commonest  cause  for  a  raised  carboxyhaemoglobin  in  a  fatality  from  a  vehicular 
accident  is  survival  in  the  presence  of  fire;  it  is,  therefore,  essential  that  the 
toxicological  result  is  interpreted  only  in  conjunction  with  the  post  mortem  findings 
related  to  the  active  inhalation  of  soot  or  flame  and,  unfortunately,  these  do  not  alwrys 
show  perfect  correlation^.  Moreover,  the  investigation  must  take  into  account  the 
'normal'  levels  of  carboxyhaemoglobin  which  may  rise  to  10  per  cent  in  heavy  smokers; 
the  coincident  estimation  of  nicotine  levels  may  help  to  identify  such  instances. 

Carboxyhaemoglohin  is  relatively  stable  in  post  mortem  tissues  but  the  quality  of 
the  specimen  obtained  from  aircraft  fatalities  may  oe  very  poor;  this  emphasises  again 
the  importance  of  laboratory  technique.  Thus,  the  interpretation  of  carboxyhaemoglobin 
levels  is  fraught  with  difficulty  and,  while  occasional  cases  of  very  great  importance 
have  been  reported  (see,  for  example,  Stevens^  at  p.  31),  intoxication  by  carbon  monoxide 
is  generally  of  concern  only  in  aircraft  powered  by  reciprocating  engines.  I  have  found 
this  aspect  of  toxicology  to  be  of  greatest  use  in  major  disasters  in  providing  an 
indication  of  the  nature  of  the  catastrophe  (see  below). 

Physiological  Causes 

Many  of  the  physiological  hazards  of  aviation  leave  no  mark  when  they  precipitate 
ar.  accident  and  this  includes  the  important  general  fields  of  stress,  disorientation  and 
fatigue.  Positive  radial  acceleration  is  not  demonstrable  at  autopsy  but  negative  'g' 
leaves  very  clear  evidence  in  the  form  of  subconjunctival  haemorrhages  when  it  has  been 
severe;  this  is  particulrly  apparent  in  'tumbling'  episodes  during  parachuting. 

I  have  been  disappointed  ir  attempting  tc  diagnose  rapid  decompression  as  a 
separate  entity.  Any  pulmonar;  effects  noted  are,  -...entially ,  those  of  hypoxia  or 

terminal  impact;  rupture  of  th  eardrums  is  a  feature  of  uncontrolled  descent  rather 
than  physiological  ascent;  muc  i  has  been  written  about  the  association  of  pulmonary 
fat  embolism  with  rapid  decompr  ;ssion6  but  later  experience  suggests  that  it  is  difficult, 
if  not  impossible,  to  distinguish  this  from  embolism  due  to  associated  turbulence.  There 
is  i  j  teaser*  te  that  rtv’  Well  dbrutrWAt.ci4  m  post writ  shorr  ear 

extrapolated  to  the  acute  condition. 

Hypoxia  undoubtedly  does  leave  post  mortem  evidence  in  the  form  of  pulmonary 
congestion  and  oedema  but  very  similar  changes  can  be  attributed  to  deceleration  injury. 

As  a  consequence,  it  is  extremely  difficult  to  say  that  a  severe  crash  of,  say,  a 
tighter  all ui-aft  was  due  to  an  anuAiu  episode,  t tie  pulmonary  utiaiiges  n,ay,  hc-wtvei  , 
be  of  great  value  in  distinguishing  multiple  casualties  some  of  whom  have  died  from 
injury  and  others  from  hypoxia  following  a  catastrophe  at  altitude. 

Prolonged  attempts  have  been  made  to  relate  realistically  the  post  mortem 
biochemistry  of  the  body  to  its  ante  mortem  physiological  state.  Despite  some 
promising  indications,  most  workers  would  now  agree  that  the  methods  are  impracticable. 

Mechanical  Causes 


Apart  from  sabotage,  which  is  discussed  elsewhere,  the  pathologist's  evidence  as  to 
a  mechanical  cause  of  an  accident  is  likely  to  be  only  confi:  tory  of  the  engineering 
opinion  -  thus,  near  disintegrative  destruction  of  bodies  is  likely  in  the  event  of 
major  control  failure  as  in  the  loss  of  a  tail  assembly. 

Occasionally,  the  pathological  evidence  may  negative  an  apparent  mechanical 
e*i  ia  ati  jn  ffii  a  disaster*  ^hua,  -„n  .it.  orcaslsn,  what  Ktfwnc'i  ic  Lt  a  vrtm=ry  wing, 
failure  was  shown  to  be,  in  fact,  secondary  to  abnormal  stressing  uue  to  a  passenger 
collapsing  while  seated  in  the  co-pilot's  seat.  Even  more  rarely,  the  pathological 
findings  may  positively  direct  the  engineers  in  their  investigation.  I  recollect  a 
tiavLgar.icnal  tret"  Itg  aircraft  breaking  up  m  the  air.  The  significant  pati  was 

that  the  pilot  and  two  pupil  navigators  showed  identical  injuries  attributable  to  a 
fall  from  a  height;  the  staff  navigator  and  signaller  sustained  severe  impact  injuries 
on  the  flight  deck.  The  conclusion  w.s  inescapable  that,  at.  the  time  of  the  breakup, 
the  pilot  had  been  in  the  fuselage  with  the  pupils  and,  from  there,  it  was  not  difficult 
to  suggest  that  the  automatic  pilot  had  failed  -  in  fact,  a  correct  deduction.  The 
illustrative  importance  of  this  case,  however,  lies  mainly  In  the  fact  that  the  medico 
legal  investigation  had  been  considered  complete  when  the  pilot  was  adjudged  to  ha”e  died 
fion  multiple  injuries.  llrel v  cub  be  few  better  examples  of  the  difference  between  such 
routine  work  and  true  investigative  pathology. 

Synergism 

Before  concluding  this  sec tion ,  a  mention  should  be  made  of  the  concept  of 

&ycBrgi&m  in  accident  causatiQ".  This  implies  that*  although  fu.  single  far tv-  te 

regarded  as  sufficient  to  be  causative,  the  combination  of  a  number  of  such  findings  may 
provide  the  answer  to  an  otherwise  'cause  unexplained'  fatal  accident.  Thus,  moderate 
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coronary  disease  may  appear  to  be  an  incidental  finding  on  its  own;  add  to  this  a 
stressful  situation  and  it  may  become  contributory;  add  a  moderate  degree  of  hypoxia 
and  the  combination  may  be  causative. 

Such  analyses  need  to  be  made  with  even  greater  care  than  has  been  described  but, 
once  completed,  the  result  of  the  exercise  may  be  very  persuasive. 

The  nature  of  the  accident 


The  pathologist  examining  a  major  disaster  has  the  advantage  that  he  can  form  an 
impression  of  the  pattern  of  injuries  among  a  large  number  of  fatalities. 

The  pattern  may  be  uniform  throughout  the  cadavers  and  it  is  so  in  the  majority  of 
'ordinary'  accidents.  It  may,  however,  be  discordant  in  which  case  a  strong  suspicion 
that  one  is  dealing  with  an  unusual  incident  should  be  aroused.  At  the  same  time, 
experience  shows  that  patterns  tend  to  reproduce  themselves  in  different  accidents;  if 
the  nature  of  the  original  is  known,  it  is  reasonable  to  suppose  that  an  accident  prodiring 
a  similar  pattern  is  of  similar  type.  Conversely,  if  the  nature  of  an  accident  is 
presupposed,  an  ill-fitting  pattern  may  provoke  second  thoughts7.  A  very  unusual 
accident  occurring  some  2  kilometres  from  an  airport  was  strongly  suspected  of  being  due 
to  military  action  which  would  have  resulted  in  a  crash  pattern  of  injuries;  in  the 
analysis,  the  pattern  was  found  to  correspond  precisely  with  a  known  undershoot  incident 
investigated  some  months  previously  and  subsequent  investigations  confirmed  this 
interpre  tation. 

The  pattern  may  relate  to  generalised  injuries  indicating  the  severe  forces 
involved;  lower  limb  tibial  fractures  strongly  suggest  horizontal  forces  whereas  femoral 
fractures  are  associated  with  a  severe  vertical  component  of  force,  this  often  being 
mirrored  in  the  spinal  injuries;  products  of  combustion  in  the  air  passages  prove  that 
the  crash  forces  were  survivable  and,  complementary  to  this,  a  toxicological  pattern 
may  be  established.  Indeed,  the  concept  of  the  use  of  patterns  of  injury  can  be 
extended  into  the  fields  of  safety  engineering  and  will  be  discussed  in  the  next  section. 
Moreover,  only  in  this  way  can  one  arrive  at  a  reasoned  appraisal  of  the  injuries  which 
are  likely  to  be  sustained  by  survivors  from  similar  accidents  of  slightly  lesser 
intensity.  the  examination  of  all  fatalities  from  a  major  accident  may  seem  an 
unnecessary  task;  I  do  not  recall  a  time  which  I  did  not  feel  it  had  served  a  useful 
purpose . 


The  Prevention  of  Fatal  Accidents 


The  patholgist's  involvement  in  safety  engineering  is  wide  despite  the  fact  that 
his  evidence  must  be  somewhat  negative  since,  by  definition,  he  is  concerned  in  cases 
where  there  has  been  a  failure  of  safety  equipment. 

If  equipment  has  been  provided,  the  autopsy  examination  should  be  devoted  to 
establishing  whether  it  was  properly  used;  whether  it  was  inadequate  or  could  be  usefully 
modified;  and  whether  its  use  affected  the  fatal  outcome.  This  last  is  important 
because  all  safety  equipment  design  is  a  matter  of  compromise  and  those  conditions  in 
which  it  actually  has  an  adverse  effect  must  be  carefully  identified.  In  the  event 
that  equipment  was  not  available,  an  opinion  will  be  sought  as  to  whether  its 
provision  would  have  led  to  survival  in  the  instant  case  or  in  similar  but  not  identical 
cases  in  the  future. 

Some  of  these  points  were  well  illustrated  in  the  era  of  development  of  the 
ejection  seat  uuring  which  fatalities  occurred  as  a  result  of  poor  positioning  at  the 
time  of  firing,  entry  to  the  airstream,  striking  the  aircraft,  seat  strike,  drogue 
failure,  environmental  factors,  parachute  opening  shock  and  deceleration  injuries  on 
landing.  A  careful  autopsy  with  equally  careful  correiation  oi  the  meaical  and 
engineering  findings  when  the  equipment  was  also  available  for  examination  provided 
important  data  for  modification  design  and  also  for  reconstruction  of  those  cases  in 
which  the  equipment  was  lost®. 

An  example  of  how  pathology  can  stimulate  regulatory  po’icy  was  provided  by  a 
study  of  deaths  in  general  aviation  accidents9.  As  a  result  of  integrated  pathological/ 
engineering  investigation,  it  was  established  in  the  United  Kingdom  that  40  per  cent  of 
those  killed  in  lignt  aircraft  would  have  survived  had  they  been  equipped  with  adequate 
shoulder  harness  restraint.  Further  evidence  was  adduced  that  effective  head 
protection  should  include  a  face-guard.  Similar  findings  were  being  reported  world 
wide  and  most  countries  have  now  introduced  restraint  regulations  for  front  seat 
occupants  in  light  aircraft. 

The  role  of  pathology  in  commercial  avaiation  safety  must  also  be  considered. 
Essentially,  the  highlighting  of  dangerous  features  depends ,  again,  on  establishing  a 
pattern  of  injuries  and  relating  this  to  the  passenger  environment.  A  major  example 
of  this  type  of  work  involved  a  relatively  survivable  accident  in  which,  in  fact,  the 
great  majority  of  paargers  died  from  burning  or  asphyxia;  this  was  shown  to  be  due  to 
their  immobility  following  fracture  of  the  lower  legs  associated  with  the  seat  design10. 

The  Pathological  Investigation 


It  is  apparent  that  the  full  potential  oi  the  pathological  investigation  cannot  be 
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realised  if  the  pathologist  works  in  isolation.  Aviation  pathology  is,  above  all,  an 
exercise  in  cooperation i 1 , 

I  believe  that  the  pathologist,  while  taking  all  specialist  advice  which  is 
available,  should  personally  verify  most  uf  the  circumstantial  evidence  on  which  so  much 
of  his  interpretations  will  depend.  The  following  are  important: 

(a)  a  visit  to  the  scene 

(L)  an  examination  of  relevent  safety  equipment  and  clothing 

(c)  taking  a  full  part  in  any  identification  procedures 

(d)  performance  of  the  autopsy 

(e)  supervision  of  ancillary  laboratory  work. 

All  this  reo  'ires  the  help  and  understanding  of  others.  In  particular,  the 
investigator  in  onarge  must  be  convinced  of  the  usefulness  of  medical  participation.  Not 
only  must  his  guidance  be  sought  but  he  must  be  immediately  advised  of  any  unexpected 
developments;  a  daily  meeting  is  advised  in  all  major  investigations.  Secondly,  and  of 
overriding  importance,  there  is  the  need  to  have  the  cooperation  of  the  police  and  legal 
authorities;  this  will  be  discussed  more  fully  in  the  second  lecture.  Finally,  there 
must  be  full  integration  with  professional  colleagues  of  all  disciplines.  It  is 
imperative  to  a  good  investigation  that  no  one  cadre  of  workers  attempts  to  'steal  the 
limelight'  or  to  appear  more  important  than  the  others.  The  full  benefits  of  accident 
investigation  stem  from  the  unstinting  application  of  the  'Group  System’. 
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1.  SUMMARY 

Most  aircraft  accidents  occur  with  little  or  no  warning,  and  an  atmosphere  of  confusion  can  result  in 
trying  to  find  the  cause  unless  adequate  plans,  trained  personnel,  and  special  facilities  are  available. 
Most  organizations  use  a  pre-accident  plan  which  lists  the  factors  needed  to  prepare  for  and  expedite  an 
accident  investigation.  Topics  covered  in  this  paper  include  the  organization  and  plan  for  an  investiga¬ 
tion,  procedures  used  at  the  scene  of  the  accident,  engineering  aspects  covered  in  the  main  investigation, 
use  of  special  analytical  techniques  and  simulation  tools,  and  use  of  flight  recorder  data.  Examples  of 
investigations  are  used  to  illustrate  the  processes  used. 

2.  INTRODUCTION 

Although  we  have  been  able  to  improve  our  understanding  of  the  causes  of  aircraft  accidents,  we  are 
continually  challenged  to  understand  how  the  human/machine  combination  can  interact  adversely,  causing 
catastrophic  consequences.  In  spite  of  programs  stressing  mishap  prevention,  accidents  will  occur;  most 
accidents  result  from  human  inadequacies.  If  the  true  causes  of  past  accidents  can  be  well  established, 
more  effective  action  can  be  taken  to  prevent  future  accidents. 

The  purpose  of  this  lecture  is  to  discuss  several  of  the  engineering  methods  used  in  military  aircraft 
accident  investigations  with  a  view  toward  obtaining  a  better  understanding  of  human  failure  aspects. 

The  scope  of  the  presentation  is  limited  to  the  following:  (1)  organization  and  planning  of  an  inves¬ 
tigation,  (2)  procedures  used  at  the  accident  scene,  (3)  on-site  preliminary  investigation  procedures, 

(4)  areas  to  be  covered  in  the  detailed  investigation,  (5)  human  factors  considerations,  and  (6)  use  of 
analytical  and  simulation  techniques.  Several  aircraft  accident  case  histories  are  included  to  illustrate 
the  techniques  being  used. 

3.  DISCUSSION 

Accident  investigations  methods  used  by  the  U.S.  military  services,whether  Ai"  Force,  Army,  Navy 
or  Marines,  are  basically  similar.  For  convenience,  the  procedures  used  by  the  Navy  (Ref.  1)  will  be 
followed. 

A  satisfactory  investigation  should  have  several  essential  features  including  (1)  promptness  in  get¬ 
ting  to  the  scene  of  the  accident  before  evidence  is  disturbed;  (2)  complete  and  thorough  examination  of 

all  evidence;  (3)  layout  of  logical,  straightforward  procedures  specifically  oriented  to  the  accident 

under  Investigation;  and  (4)  accuracy  of  material  in  note  taking. 

3.1  Organization  of  an  Investigation 

An  aircraft  accident  investigation  Is  a  specialized  task  in  which  every  factor,  remote  or  small,  must 
be  studied  in  an  organized  plan  to  reconstruct  what  actually  occurred.  There  are  several  general  princi¬ 
ples  to  consider  and  actions  to  take  in  the  organization  plan  for  each  accident.  For  example, 

1.  Apply  the  basic  principle  that  the  only  limits  to  the  amount  of  effort  justified  to  prevent  the 

recurrence  of  a  mishap  are  those  established  by  time,  cost,  and  performance  bounds  peculiar  to 

each  particular  program. 

2.  Have  available  and  execute  an  effective  pre-accident  plan. 

3.  Arrive  at  the  scene  of  an  accident  before  evidence  is  disturbed,  safeguard  the  area  and  prevent 

unnecessary  handling  or  moving  of  wreckage,  and  then  proceed  as  follows: 

a.  Determine  the  best  investigative  procedure  and  board  composition  suitable  to  the  mishap. 

b.  List  witnesses  for  subsequent  interviewing. 

c.  Obtain  complete  photographic  coverage  (including  sketches,  plots,  etc.)  of  wreckage  and 
related  area. 

d.  Investigate  and  follow  up  clues  while  they  are  fresh. 

e.  Arrange  for  and  secure  any  special  or  technical  assistance  required  at  the  accident  scene. 

4.  Examine  all  evidence  in  detail: 

a.  Do  not  take  anything  for  granted. 

b.  question  all  persons  having  any  knowledge  of  the  accident. 

c.  Preserve  wreckage  and  evidence  at  the  accident  scene  until  the  Initial  phase  of  the  investi¬ 
gation  is  completed. 
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d.  Follow  every  lead  and  source  of  information  possible  to  the  maximum  extent  of  usefulness. 

5.  Conduct  an  organized,  planned,  and  controlled  investigative  effort: 

a.  Follow  each  phase  of  the  investigation  In  a  systematic  manner. 

b.  Avoid  reaching  premature  conclusions  or  leaving  any  investigation  area  uncovered. 

c.  Look  for  interrelated  or  overlapping  events  or  occurrences. 

6.  Be  accurate  and  complete: 

a.  Take  accurate  and  extensive  notes  on  all  facts  during  investigation;  develop  these  notes  as 
appl icable. 

b.  Verify  all  witness  statements. 

c.  Emphasize  the  use  of  factual  evidence  supplemented  by  theories  which  can  be  weil  substantiated. 

d.  Develop  theories  and  relate  to  facts.  Then  reconstruct  events. 

e.  Document  and  present  findings  in  a  concise  manner  to  facilitate  evaluation  and  drawing 
conclusions. 

6.  Be  objective  in  evolving  conclusions  and  recommendations. 

7.  Delineate  the  type  of  accident: 

a.  No  survivors;  extreme  disintegration  of  aircraft  (hole-in-the-ground  type). 

b.  Survivors. 

c.  No  survivors  or  wreckage  available. 

d.  Minor  accidents. 

For  the  "nonsurvivor"  accident,  the  events  preceding  the  crash  must  be  reconstructed  from  several 
sources:  (1)  all  witnesses  to  the  accident  should  be  located  and  interviewed;  (2)  all  pieces  of  wreckage 
must  be  recovered  and  inspected  by  qualified  personnel  and  placed  to  form  the  outline  of  the  aircraft  for 
systematic  analyses;  (3)  an  accurate  wreckage  distribution  pattern,  estimate  of  flight  path,  and  impact 
orientation  must  be  determined;  (4)  all  available  records,  including  pilots  log,  aircraft  and  engine  logs, 
maintenance  reports,  weight  and  balance,  etc.,  should  be  checked. 

For  the  "survivor"  accident,  there  is  a  vital  witness  available  to  help  clarify  the  series  of  events 
leading  to  the  accident.  Since  the  aircraft  may  have  been  totally  destroyed,  sources  similar  to  those 
used  on  the  nonsurvivor  accident  must  be  pursued. 

When  there  are  no  survivors  or  wreckage,  the  accident  investigation  is  more  difficult.  In  this  case 
it  is  mandatory  to  carry  out  the  following  steps:  (1)  obtain  and  review  all  witness  statements;  (2)  inter¬ 
view  all  personnel  concerned  with  the  flight  operation  of  the  aircraft;  (3)  study  all  records,  logs,  per¬ 
sonnel  histories  of  the  crew,  flight  plans,  navigation  and  weather  data;  and  (4)  examine  all  operational 
and  maintenance  procedures. 

3.2  Procedures  at  the  Scene  of  the  Accident 


It  is  necessary  to  have  a  good  plan  of  action  to  follow  at  the  scene  of  the  accident  to  avoid  waste 
of  time  and  general  confusion.  The  following  general  procedures  should  be  used  at  the  accident  scene. 

3.2.1  Officer  in  charge.  Surviving  crew  members  (if  physically  able)  or  the  first  military  personnel 
arriving  at  the  accident  scene  can  take  charge  until  a  senior  board  member  appears  who  should  coordinate 
activities  of  rescue  personnel,  investigators,  medical  personnel,  salvage  crew,  and  civil  authorities. 

3.2.2  Safety  considerations.  The  officer  in  charge  shojld  ensure  that  all  occupants  of  the  aircraft  are 
removed  from  the  wreckage  as  expeditiously  and  safely  as  possible.  Immediate  steps  must  be  taken  to  pre¬ 
vent  injury  to  personnel  from  fire,  fuel  explosion,  armament  cook-off,  ejection  seat  and  canopy  charge 
detonation,  and  other  explosions. 

3.3  Preliminary  Investigation  of  Accident 

The  purpose  of  the  preliminary  investigation  is  to  familiarize  the  accident  board  with  the  general 
aspects  of  the  accident  and  salient  details  of  the  wreckage. 

3.3.1  Wreckage  analysis.  The  physical  evidence  at  the  accident  scene  should  be  examined  to  determine  how 
the  aircraft  contacted  the  ground.  A  detailed  inspection  of  all  of  the  wreckage  should  be  made  to  deter¬ 
mine  causal  factors,  including  material  failure  and  engines  and  system  malfunctions.  The  examination  of 
the  surrounding  terrain,  objects  struck  by  the  aircaft,  witness  statements,  and  other  evidence  will  indi¬ 
cate  flight  path  prior  to  impact.  The  approximate  attitude  or  the  aircraft  at  the  time  of  impact  can  be 
determined  by  the  distribution  of  the  wreckage  and  the  aircraft  damage. 

3.3.2  Wreckage  pattern.  The  distribution  of  the  wreckage  can  be  very  helpful  in  determining  aircraft 
behavior  in  the  final  phases  of  flight.  Most  wreckage  patterns  will  be  similar  to  the  following: 
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1.  Dives  into  the  ground  are  characterized  by  wreckage  confined  to  a  circular  area  around  a  ground 
crater.  The  speed  at  impact  can  be  crudely  assessed  by  the  depth  of  the  crater;  jet  aircraft 
will  penetrate  30  to  40  ft. 

2.  Spins  are  easily  identified  by  a  small  compact  pattern  with  indications  of  rotation  found  on  the 
ground.  The  inside  spin  wing  will  sustain  greater  damage  with  the  outside  (spin)  wing  showing 
less  deformation  as  it  will  usually  be  thrown  forward.  The  fuselage  will  be  broken  in  several 
places,  and  the  empennage  will  be  thrown  forward  in  the  direction  of  spin  rotation. 

3.  Low  (flat)  attitude  flight  is  characterized  by  a  long  narrow  distribution  pattern.  High-speed 
impact  will  usually  result  in  the  engine  and  other  heavy  parts  progressing  farther  along  the 
ground  than  the  aerodynamic  structure.  A  stalled-in  approach  may  show  an  initial  ground  impact 
point  (caused  by  the  tail  contacting  the  ground)  and  then  a  deeper  gouge  of  the  main  wreckage. 

The  stopping  distance  can  be  accurately  measured  to  provide  important  clues  to  estimate  aircraft 
speed  and  corresponding  flight  path  angle. 

4.  Loss  of  control  in  cruise  flight  will  generally  result  in  a  spiral  with  a  nose-down  attitude  and 
a  large  bank  angle.  The  collapse  of  one  wing  with  corresponding  ground  scars  followed  by  cart¬ 
wheeling  is  typical  uf  spiral  ^t-of -control  accidents. 

3.3.3  Wreckage  recovery.  The  problem  of  wreckage  recovery  can  vary  greatly,  depending  upon  whether  the 
accident  occurred  on  land  or  water.  On  land,  after  wreckage  distribution  diagrams  and  photographs  have 
beer  nude,  each  piece  of  wreckage  must  te  catalogued,  nr  ting  whether  any  parts  may  have  separated  from  the 
aircraft  before  the  crash.  When  aircraft  wreckage  is  under  water,  care  must  be  taken  to  categorize  damage 
inflicted  during  recovery  operations.  Parts  suspected  of  failure  should  be  tagged  to  identify  their  rela¬ 
tionship  to  the  accident.  Ir  cases  uf  engirt  failure,  it  is  necessary  to  abtain  fuel  and  oil  specimens  for 
laboratory  analysis  of  foreign  matter. 

3.3.4  Fire  damage.  If  fire  occurred  prior  to  impact,  the  origin  of  the  fire  and  how  it  was  fed  must  be 
determined.  An  in-fiight  fire  can  be  identified  by  the  direction  of  molten  metal  flow  and  smoke  patterns 
that  leave  clear  spaces  or.  the  downstream  side  of  rivet  heads  and  skit  splices.  Ground  fires  leave  a 
smoke  pattern  which  is  sporadic.  Crumpled  portions  of  the  aircraft  can  be  opened  to  inspect  inner  folds 
which  may  still  retain  clean  metal  or  paint. 

3.4  Main  Investigation 

This  phase  of  the  investigation  will  provide  the  bulk  of  the  physical  evidence  to  be  used  in  the 
analysis.  For  example,  detailed  examinations  should  be  made  to  determine  if  structural  failure  occurred 
in  flight.  This  can  b«  assessed  by  examining  material  for  overstress  and  by  the  detailed  wreckage  trail 
Recent  advances  in  the  science  of  nondestructive  testing  make  available,  through  existing  governmental 
agencies  and  private  organizations,  many  laboratory  facilities  for  use  in  examining  parts  suspected  of 
failure.  Methods  and  equipment  have  been  developed  for  identifying  failures  and  deficiencies  in  areas 
such  as: 

1.  Structural  overstress,  flaws,  and  cracks  -  detected  by  the  magnetic  particle,  dye  penetrant,  eddy 

current,  ultrasonic,  ard  X-ray  processes. 

2.  Electromagnetic  and  microwave  hazards  and  deficiencies  in  radioactive  isotopes,  linear  accelera¬ 
tors,  and  nuclear  reacLors  -  detected  by  radiographic  inspections  and  radiological  devices. 

3.  Material  quality  and  quantity  -  detected  by  electron  microscope,  electron  microprobe  analyzer. 
X-ray  detraction,  spectroscope,  Infrared,  etc. 

4.  Thermal  overloads,  inadequate  welds,  and  incomplete  bonds  -  detected  by  infrared-radiometric 
microscope. 

5.  Mixture  quality  and  quantity  -  detected  by  gas  chromatography  and  chemical  analysis. 

6.  Physiological  aspects  -  detected  through  biological  and  medical  techniques  and  other  tools  such 

as  Infrared  absorptiometry,  radioactive  assay,  mass  spectrometry,  chromatography,  ultrafluorescent 
measurements,  cytology,  etc. 

The  importance  of  ether  factors  suck  as  aircraft  corfigurattoT ,  airframe  and  power; lent  failures,  arvd  sys¬ 
tem  failures  is  discussed  next. 

3.4.1  Aircraft  configuration.  Knowle*/e  of  the  aircraft  configuration  at  inract  can  help  identify  causes 
of  the  accident.  The  position  of  flaps,  leading  edge  slats,  speed  brakes,  wing  spread  locks,  and  landing 
gear  can  indicate  the  degree  of  control  available  before  impact. 

3.4.2  Airframe  failures.  Components  of  the  aircraft  in  relative  order  of  frequency  of  failure  include: 
wliiys,  tafl  surfaces,  control  surfaces,  fuselage,  landing  gear,  and  trim  tabs.  Reconstruction  of  the 
entire  airframe  structure  may  be  necessary  to  determine  the  sequence  of  failure.  Good  reconstruction  can 
reveal  the  manner  in  which  parts  struck  each  other  during  breakup.  Position  of  control  surfaces  at  impact 
can  help  evaluate  stresses  imposed  on  the  structure  as  well  as  to  identify  attempted  recovery  techniques 
being  employed.  The  cockpit  should  be  checked  for  evidence  of  fire,  smoke,  or  electrical  arcing,  and 
attempted  crew  ejection.  The  position  of  switches  and  Instrument  readings  can  be  correlated  with  known  or 
planned  flight  conditions. 

3.4.3  Powerplant  failure.  Since  powerplan*-  failures  are  a  frequent  cause  of  accidents,  a  thorough  exam- 
ination  of  the  engine  and  its  associated  components  must  be  mode  even  if  only  to  provide  a  non-causal 
factor.  Engine  failures  caused  by  internal  malfunction  are  relatively  easy  for  competent  personnel  tc 
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recognize.  It  is  important  to  determine  as  accurately  as  possible  the  amount  of  power  (thrust)  being  pro¬ 
duced  at  impact  since  this  could  affect  flight  path  control  of  the  aircraft  prior  to  the  crash. 

3.5  Human  Factors  Considerations 


The  human  element  is  present  in  almost  every  stage  of  equipment  development  from  its  design  stage  to 
its  operational  stage.  Thus,  the  possibility  of  accident  due  to  human  failure  is  almost  always  present. 

Most  accidents  result  from  human  inadequacies,  not  material  failures  or  "acts  of  God."  These  inadequacies 
are  not  always  associated  with  the  person  immediately  involved  in  the  accident,  but  may  be  traced  to  early 
development  stages  of  the  system  in  question.  Human  cause  factors  may  be  physical,  physiological,  or  psy¬ 
chological,  or  a  combination  of  these  factors. 

3.5.1  History  of  individuals  involved.  A  complete  history  of  the  person  or  persons  involved  will  be  use¬ 
ful  to  determine  possible  human  factors  which  may  have  a  bearing  on  the  accident.  A  check  on  the  individ¬ 
ual  should  cover  training  and  proficiency,  any  recent  illness,  indisposition,  and  nonemployment  activities. 
It  should  determine  the  amount  duty  or  rest,  mental  attitude,  freedom  from  worries  or  fears,  and  previ¬ 
ous  accident  record,  for  example,  in  a  stall  accident  of  a  military  transport,  it  was  disclosed  that  the 
pilot  had  performed  poorly  in  stall  recognition  during  proficiency  checks. 

3.5.2  Physical,  physiological  and  psychological  limitations.  A  human  can  be  considered  as  a  designed 
piece  of  equipment  with  limiting  capabilities  which  may  be  defined  and  measured  in  a  manner  similar  to 
those  of  a  machine.  Human  limitations  involve  three  basically  interrelated  components:  a  physical  struc¬ 
ture,  a  biochemical  medium,  and  a  psychological  system. 

A  human  is  first  a  mechanical  structure  and,  therefore,  possesses  certain  physical  limitations  includ¬ 
ing  the  ability  to  reach  only  so  far  and  lift  so  much.  Human  sensory  systems  have  definite  limitations, 
and  violations  lead  to  inadequate  information  and  improper  resolution  of  the  situation.  Every  human  reac¬ 
tion  involves  a  perception  and  a  response  separated  by  some  form  of  decision.  Difficulties  and  accidents 
will  result  from  any  requirement  which  demands  abnormal  use  of  a  person's  senses,  quick  decision  and  action 
on  too  much  or  too  little  information,  or  responses  which  cannot  be  executed  rapidly  enough.  The  relations 
between  instrument  displays,  ambient  lighting  conditions,  accessibility  of  control,  and  ready  identifica¬ 
tion  of  both  instruments  and  controls  are  all  an  integral  part  of  the  human  engineer's  accident  prevention 
efforts. 

Humans  also  have  physiological  limitations  which  are  based  on  biochemical  properties.  A  human's 
structural  operation  and  its  sensory  systems  are  directly  related  to  how  well  its  biochemical  medium  is 
maintained.  Here  again  are  definite  requirements  which  cannot  be  violated  without  inefficient  operation 
of  the  whole  system.  Reduced  effectiveness  is  particularly  dangerous  because  it  makes  the  person  suscep¬ 
tible  to  errors,  but  merely  reduced  effectiveness  is  less  noticeable  and  less  possible  to  evaluate  than 
acute  ineffectiveness.  Fatigue  is  another  type  of  disruption,  which  results  from  changes  in  the  body's 
biochemical  balances  caused  by  an  accumulation  of  toxic  wastes.  When  the  body  is  tired,  efficiency  is 
markedly  decreased,  probability  of  error  is  increased,  and  perception  of  errors  committed  is  less  acute. 
Fatigue  is  produced  by  both  long  hours  of  labor  and  irregular  hours.  Human  bodies  adapt  to  physiological 
cycles  of  work  and  rest.  The  disruption  of  these  cycles  contributes  to  fatigue  and  Inefficiency. 

The  human  is  also  a  physiological  being  with  psychological  limitations.  Aptitudes,  desires,  feelings, 
and  abstract  motivations  provide  additional  limiting  or  distracting  variables  to  be  considered  in  ensuring 
efficient  operations.  People  are  emotional;  an  eager,  wel 1 -motivated  person  undistracted  by  personal  prob¬ 
lems  or  tensions,  other  things  being  equal,  can  consistently  outperform  a  distracted  or  poorly  motivated 
person.  When  emotional  problems  are  present,  the  person's  mistakes  generally  involve  minor  omissions  or 
acts  which  lead  to  inefficiency,  but  they  may  possibly  involve  major  errors.  In  investigating  accidents 
involving  personnel  in  critical  work  situations,  the  investigator  should  determine  whether  these  personnel 
have  been  routinely  evaluated  by  specialized  personnel  to  ensure  avoidance  of  emotional  difficulties  which 
may  have  contributed  to  the  accident. 

3.5.3  Judgment,  technique,  and  proficiency.  Questionable  judgment,  poor  technique,  or  lack  of  proficiency, 

when  given  as  an  accident  cause,  often  covers  a  multitude  of  errors.  A  pilot  or  crew  member  may  have  dem- 
ors tr«ted  by  years  of  service  and  theuvd*  of  fly1r£  hours  that  Ms  1  was  irhtrt’  tly  good.  What 

were  the  influences  that  brought  about  an  error  in  judgment?  Determining  the  reasons  for  lack  of  profi¬ 
ciency  may  involve  deficiencies  in  equipment  and  command  interest,  in  addition  to  individual  effort.  All 
influences  on  human  action  must  be  considered  and  recorded  in  the  accident  report  in  order  to  realistically 
evaluate  the  accident. 

3.6  Use  of  Analytical  and  Simulation  Techniques 

In  many  accident  investigations,  the  flight  path  of  the  aircraft  prior  to  the  crash  must  be  known  to 
determine  whether  excessive  loads  could  have  developed  from  high  airspeed  and/or  large  accelerations.  A 
sister  aircraft  sometimes  is  used  to  simulate  the  time  history  of  the  accident  aircraft;  however,  this 
method  has  limitations  due  to  the  hazards  in  approaching  the  high  speeds,  extreme  attitudes,  and  high 
descent  rates  usually  associated  with  the  real  accident.  In  recent  years,  analytical  and  simulation  tech¬ 
niques  have  become  available.  These  methods  are  discussed  in  the  following  paragraphs. 

3.6.1  Analytical  methods.  Flight  data  recorders  introduced  in  1958  are  used  by  air  carriers  (civilian 
transports)  to  record  many  flight  qualities  such  as  airspeed,  altitude,  heading,  acceleration,  2tc.  Unfor¬ 
tunately,  flight  recorders  are  not  standard  equipment  for  military  aircraft.  Recently,  an  additional 
source  of  data  has  become  available  to  the  investigator  by  the  use  of  radar  recordings  at  many  Air  Tra' 'ic 
Control  (ATC)  Centers.  These  ATC  recordings  can  provide  valuable  information  for  the  analysis  of  accit  its 
involving  aircraft  which  do  not  have  on-board  data  recorders. 

ATC  radar  records  provide  only  aircraft  position;  aircraft  forces,  velocities,  and  attitude  angles 
must  be  derived.  The  method  of  reference  2  uses  large-angle  motion  equations  to  systematically  derive  the 
desired  values.  The  time/history/position  data  x,  y,  and  h  are  first  stored  on  a  general -purpose  digital 
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computer  for  further  processing.  A  least-squares  procedure  is  used  to  provide  smoothed  time  histories  of 
aircraft  position  (x,  y,  h),  the  inertial  velocities  (x,  y,  li),  and  the  accelerations  (x,  y,  H).  A  trans¬ 
formation  of  the  inertial  velocities  to  ground  speed,  track  angle,  and  flight  path  angle  is  possible. 

3.6.2  Use  of  simulator  techniques.  Simulation  techniques  can  be  used  effectively  to  recreate  the  ele¬ 
ments  of  a  particular  accident  and  systematically  study  various  factors  conducive  to  loss  of  the  aircraft 
(Ref.  3).  The  degree  of  simulator  sophistication  needed  depends  on  the  type  of  accident  being  studied. 
Six-degree-motion  capability  may  be  needed,  for  example,  to  determine  the  effects  of  a  pilot's  input  on 
aircraft  response  in  an  abnormal  flight  situation.  The  acceleration  feedbacks  to  the  pilot  from  the  simu¬ 
lator  should  closely  represent  the  accident  situation  If  useful  results  are  to  be  obtained. 

3.7  Examples  of  the  Application  of  Analytical  and  Simulation  Techniques  in  Accident  Investigations 

3.7.1  Use  of  ATC  radar  data  in  stall  accident.  This  example  shows  how  ATC  radar  data  were  used  to 
calculate  the  flight  path  of  an  aircraft  near  Thiel  Is,  New  York,  on  December  1,  1974  (see  Ref.  4).  The 
aircraft  stalled  at  an  altitude  of  approximately  8  km  during  a  climb-out  in  IMC  conditions  and  descended 
into  the  ground  in  an  uncontrolled  spiral  dive.  The  stall  occurred  because  of  an  erroneous  airspeed  read¬ 
out  which  resulted  from  blockage  of  the  airspeed  measuring  system  by  ice. 

A  time  history  of  the  aircraft  motions  obtained  from  analysis  of  the  ATC  radar  data  is  presented  in 
Fig.  1.  Shown  for  comparison  are  altitude,  airspeed,  normal  force,  and  heading  obtained  from  an  on-board 
flight  data  recorder. 

The  time  (slightly  after  6  min)  when  the  pitot  tube  became  blocked  by  ice  is  shown  in  the  time  history 
by  comparing  radar-derived  (inertial)  airspeed  with  the  on-board  airspeed  indication.  It  can  be  appreciated 
how  the  pilot  was  misled  into  believing  he  had  adequate  airspeed  margin  from  the  stall  and  was  thereby  con¬ 
fused  by  the  stall  departure  situation  which  occurred.  The  pitch  angles  derived  from  the  radar  data  indicate 
a  1T~  nose-up  angle  at  stall  followed  by  25~  nose-down  angle  during  the  initial  portion  of  the  descent.  The 
heading  and  roll  angles  derived  from  the  radar  data  indicate  the  time  at  which  roll-off  occurred  and  the 
spiral  descent  which  followed. 

3.7.2  History  of  an  "upset"  accident.  On  May  3,  1968,  a  Braniff  Airways,  Inc.,  Lockheed  L-188,  Electra 
(N-9707C)  approached  an  area  of  severe  thunderstorms  astride  the  airway  from  Houston  to  Dallas,  Texas,  at 
an  altitude  of  20,000  ft.  At  1636:50  the  crew  requested  permission  to  descend  to  15,000  ft  and  deviate  to 
the  west  of  their  intended  rcute.  At  1644:21  the  flight  was  cleared  to  descend  to  and  maintain  5,000  ft. 

At  1646:10  the  controller  asked  if  the  crew  saw  ar.y  openings  through  the  area  where  they  were  going. 

Flight  352  replied,  "it's  not  clear  but  we  think  we  see  an  opening  through  it."  Approximately  1  min  later 
the  crew  asked  ground  control  if  there  were  any  reports  of  hail  in  the  area  in  which  they  were  flying.  The 
controller  replied  "no"  and  again  advised  the  flight  that  other  flights  had  deviated  to  the  east.  At 
1647:23  the  flight  requested  permission  to  make  a  180°  turn  and  was  cleared  by  the  controller  to  make  the 
turn  in  either  direction.  The  crew  acknowledged  their  clearance  at  1647:35.  At  about  1648,  the  flight 
crashed  approximately  1  mile  east  of  Dawson,  Texas. 

It  was  obvious,  quite  early  in  the  acciJe.it  investigation,  that  loads  in  excess  of  the  airframe 
strength  had  been  imposed  on  the  structure  to  cause  in-flight  breakup,  but  the  nature  and  origin  of  these 
loads  were  not  immediately  apparent  even  though  both  the  flip.it  recorder  data  and  cockpit  crew  voice  record¬ 
ings  were  available  from  the  wreckage.  Possible  causes  of  tne  overload  condition  included  an  encounter  with 
some  extreme  weather  conditions,  a  combination  of  weather  and  pilot  response,  or  only  some  pilot-induced 
maneuver.  A  simulator  study  might  help  determine  whether  the  oilot  could  maneuver  the  undamaged  aircraft 
in  a  manner  to  cause  the  variations  in  the  flight  parameters  exhibited  on  the  flight  recorder  tape  where 
excessive  loads  might  be  expected  during  recovery  from  the  extreme  attitude  and  airspeed  conditions. 

Description  of  simulator  used:  The  simulator  cockpit  was  equipped  with  normal  flight  instrumentation 
and  flight  controls  appropriate  to  a  four-engine  turbine-powered  aircraft.  For  tne  range  of  aircraft  flight 
conditions  pertinent  to  the  tests,  the  cockpit  instrumentation  accurately  displayed  the  flight  parameters 
Htvelipfed  in  the  computer  in  response  to  cockpit  contrcl  inputs.  Those  characteristics  of  the  EUctra  air¬ 
craft  that  were  pertinent  t.o  the  definition  of  the  fliqht  profile  (the  wing  loading,  drag,  and  spiral  sta¬ 
bility)  were  included  in  the  computer  program,  and  the  lateral  and  longitudinal  control  characteristics 
were  adjusted  to  approximate  those  of  the  Electra  airplane. 

Description  of  test  conditions:  The  data  obtained  from  the  flight  recorder  for  the  last  several 
minutes  of  flight  are  shown  in  Fig.  2.  During  the  latter  portion  of  these  records  the  data  indicate  a 
descending  right  turn  that  resulted  in  a  very  high  rate  of  descent  and  rapidly  increasing  airspeed. 

Although  the  flight  data  indicate  that  the  aircraft  was  flying  in  moderate  to  heavy  turbulence,  no  turbu¬ 
lence  was  simulated  because  there  was  no  conclusive  evidence  of  large-scale  drafts  of  the  type  that  would 
have  u  long-term  influence  on  the  flight  path  of  the  airplane.  Further,  the  objective  of  the  simulation 
was  to  obtain  reasonable  facsimiles  of  the  flight-recorded  values  between  times  ll.Ai  and  37 .15,  and  to 
document  the  pilot's  action  that  might  cause  such  a  maneuver.  To  amplify  the  re-creation  of  the  cockpit 
activity  during  a  number  of  simulator  runs,  a  facsimile  of  the  cockpit  voice  recorder  was  played  in  the 
proper  time  correlation. 

Effect  of  acceleration  and  bank  angle:  Trie  most  successful  results  of  attempts  to  auplicate  tne 
significant  aspects  of  the  flight  maneuver  are  given  in  Ref.  3.  A  reasonable  duplication  of  the  airspeed 
between  times  36:55  and  37:09  and  altitude  between  times  36:55  and  37:17  was  obtained  by  banking  the  simu¬ 
lated  airplane  to  at  least  90°  by  time  37:06.  Attempts  to  duplicate  the  acceleration  record  between  times 
37:08  and  37:15  with  elevator  inputs  were  only  grossly  successful  because  of  the  demanding  nature  of  the 
simulator  piloting  task  and  not  because  of  a  dynamic  limitation  of  the  simulated  aircraft.  A  more  accurate 
duplication  of  acceleration  between  times  37:10  end  37:13  would  merely  have  increased  the  true  heading 
change  in  that  period  by  about  10°.  Thus,  this  simulator  analysis  of  the  flight  recorder  data  defines  the 
final  maneuver  of  the  aircraft  as  a  shallow  climbing  turn  to  the  right,  which  progresses  into  a  steep  div¬ 
ing  turn  as  the  angle  of  bank  is  slowly  increased  from  30°  to  more  than  90'.  This  maneuver  appears  to  be 
well  within  the  control  capabilities  of  the  Electra  airplane. 
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Causes  of  the  accident:  The  "-’dent  investigating  board  concluded  that  the  probable  cause  of  the 
accident  was  an  unwise  decision  to  penetrate  an  area  of  known  severe  turbulence  with  inappropriate  maneu¬ 
vering.  Turbulence  may  have  played  a  part  in  upsetting  the  aircraft  after  the  pilot  started  the  180°  turn; 
however,  the  pilot's  flight  situation  suggests  that  attitude  disorientation  is  a  more  probable  explanation. 
It  is  appreciated  that  large  bank  angles  can  be  attained  quite  easily  when  turning  and  flying  on  outside 
visual  references  among  large  cloud  rormations,  because  of  the  apparent  slow  rate  of  bank-angle  divergence. 
This  lateral  upset  then  progressed  to  a  longitudinal  upset  as  a  result  of  the  loss  in  lift. 

From  the  simulatpr  experience  it  was  easier  to  understand  how  the  pilot,  in  attempting  to  retreat 
promptly  from  an  area  of  severe  thunderstorm  activity,  could  without  a  good  horizon  reference  displace  the 
aircraft  to  a  large  bank  angle  and  nose-down  pitch  such  that  the  airspeed  rapidly  approached  the  placard 
limit.  Because  of  the  pilot's  concern  for  the  proximity  to  the  ground,  a  high-g  pullout  resulted  and  the 
wing  structure  was  overstressed. 

The  foregoing  example  has  exposed  the  problems  and  serious  consequences  that  can  result  when  pilots 
are  confronted  with  a  novel  flight  situation.  Indeed,  they  may  find  themselves  being  pummeled  around  the 
cockpit  as  the  aircraft  responds  in  a  strange  and  unfamiliar  manner  to  large  updrafts  and  downdrafts. 

Without  a  good  outside  reference  to  the  real-world  situation  they  may  try  to  extricate  themselves  by  inap¬ 
propriate  maneuvering.  What  is  strongly  suggested  here  is  the  need  for  a  particular  type  of  training  simu¬ 
lator  to  give  pilots  the  opportunity  to  explore  these  unknown  areas  with  impunity,  allow  them  to  become 
familiar  with  the  environmental  aspects,  and  practice  penetration  and  recovery  techniques.  The  simulator 
requirements  for  this  training  function  can  be  better  understood  by  using  an  example  of  an  accident  in 
which  training  was  the  primary  purpose  of  the  flight. 

3.7.3  History  of  a  pilot  training  accident.  On  March  30,  1967,  Oelta  Air  Lines  OC-8  (N802E)  took  off 
from  runway  28  at  New  Orleans  International  Airport,  Louisiana,  on  a  training  flight.  The  crew  was  per¬ 
forming  a  prebriefed,  simulated,  two-engine-out  landing  approach.  At  1,200  ft  and  200  knots,  engines  1 
and  2  were  set  at  idle  power  and  the  aircraft  turned  left  decreasing  altitude  to  900  ft.  At  about  0048, 
the  flaps  were  lowered  to  25°  and  altitude  increased  to  1,100  ft  as  the  airspeed  decreased  to  180  knots. 
During  this  transitional  period  the  instructor  prompted  the  captain-trainee  on  basic  airmanship,  "Oon't 
get  below  160  -  ball  in  the  middle  -  whatever  it  takes.'1  At  0049:20  as  the  landing  checklist  was  being 
carried  out,  landing  flaps  (full  down)  were  lowered  by  the  instructor  without  verbal  command  from  the 
captain-trainee.  Shortly  afterward,  the  aircraft  descended  to  650  ft  at  165  knots,  2.5  miles  from  the 
runway;  on  a  2.5°  glide  path  this  would  result  in  a  normal  touchdown  on  the  runway.  The  crew's  initial 
impression  of  the  approach  was  optimistic  as  reflected  in  comments  as  "Okay,  8ud,  looks  good.  How  'bout 
that."  Unfortunately,  the  actual  descent  became  steeper  than  anticipated  because  the  increased  drag  cre¬ 
ated  by  the  large  flap  deflection  resulted  in  a  flight  path  that  would  end  short  of  the  runway.  The  situ¬ 
ation  became  even  worse  when  the  captain- trainee  arrested  the  rate  of  descent  by  increasing  aircraft  atti¬ 
tude  rather  than  adding  power,  with  the  obvious  consequence  of  a  continuing  speed  bleed-off.  As  the 
airspeed  continued  to  decrease  to  approximately  136  knots,  the  need  for  power  was  finally  recognized  and 
throttles  were  advanced  on  engines  3  and  4.  At  this  point  the  Instructor  said,  "Get  the  rudder  in  there  - 
you're  getting  your  speed  down  now,  you're  not  going  to  be  able  to  get  it."  The  trainee  replied  loudly, 
"CAN'T  HOLD  IT  BU0"  as  the  aircraft  continued  to  turn  and  bank  to  the  left.  The  control  tower  operator 
observed  that  the  bank  angle  was  60°  or  greater  when  the  aircraft  hit  the  power  lines. 

Simulator  test  procedures  and  equipment:  Since  the  questions  to  be  answered  by  the  simulator  tests 
were  primarily  those  relating  to  cockpit  procedures,  the  simulated  approach  was  started  at  the  final  por¬ 
tion  of  the  flight  recorder  trace  (shown  in  Fig.  3)  with  landing  flaps  down,  at  an  airspeed  of  160  knots, 
with  engines  1  and  2  at  Idle  and  3  and  4  set  to  match  the  actual  descent  rate  and  speed  bleed-off.  The 
timing  for  power  changes  and  ensuing  control  manipulation  was  obtained  by  playing  a  facsimile  of  the  cock¬ 
pit  voice  tape  during  the  approach.  By  varying  the  timing  slightly  for  the  various  events,  it  was  possible 
to  establish  flight  profiles  closely  matching  those  obtained  from  the  flight  recorder. 

The  simulator  used  for  these  tests  consisted  of  a  fixed  transport  cockpit  fitted  with  conventional 
transport- type  cockpit  instruments.  The  outside-world  visual  scene  was  provided  by  a  projected  closed- 
circuit  television  picture  of  a  model  landscape  and  runway.  Conventional  cockpit  controls  and  thrust 
levers  were  used  with  deflection  and  forces  set  to  be  typical  of  a  DC-8  transport  aircraft. 

Results  of  simulator  studies:  After  a  few  simulated  approaches,  the  significance  of  several  aircraft 
configuration  settings  became  readily  apparent.  Selecting  landing  flaps  well  before  landing  touchdown  was 
assured  had  the  deleterious  effects  of  steepening  the  glide  path  and  a  more  rapid  airspeed  bleed-off. 

There  were  thus  two  serious  consequences.  First,  increased  power  was  needed  to  make  good  the  Intended 
touchdown  point  on  the  runway.  This  was  not  serious  enough  in  itself;  however,  because  of  the  nature  of 
the  training  mission,  power  was  added  to  engines  3  and  4,  increasing  the  existing  asymmetry.  Second,  by 
virtue  of  the  slower  airspeed,  the  moments  due  to  power  were  greater  and  the  roll  and  yaw  control  powers 
needed  to  counteract  the  moments  due  to  sideslip  and  thrust  asymmetry  were  reduced.  A  typical  tine  history 
of  these  events  is  shown  in  figure  4.  Note  how  rapidly  the  bank  angle  and  the  heading  diverge  after  power 
was  applied  to  engines  3  and  4  even  though  full  rudder  and  roll  control  were  applied  to  counteract  this 
tendency.  Note  also  the  rapid  speed  decay  due,  in  part,  to  the  fact  that  the  vertical  fin  on  this  class 
of  aircraft  stalls  at  approximately  14°  of  sideslip  after  which  the  drag  builds  up  rapidly  as  the  aircraft 
moves  sideways  through  the  air. 

The  foregoing  has  shown  that  the  simulator  can  effectively  reproduce  the  condition  of  a  training  acci¬ 
dent,  suggesting  that  pilot  familiarization  and  training  for  a  two-engine-out  approach  could  be  conducted 
on  a  piloted  simulator  instead  of  in  real  flight  because  of  the  extreme  hazards  involved  in  making  actual 
approaches  and  touchdowns. 

4.  C0NCLU0ING  REMARKS 

Effective  engineering  procedures  have  been  developed  to  conduct  aircraft  accident  investigations.  Well 
documented  accident  reports  can  be  used  to  reveal  trends  in  causes  of  accidents,  thereby  establishing  the 
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potential  for  reducing  accidents  by  appropriate  aircraft  design  changes,  operational  procedures  revisions, 
or  other  corrective  means. 

Most  accidents  result  from  human  failures  of  some  kind,  failures  not  necessarily  always  associated 
with  the  person  immediately  Involved  in  the  accident,  but  possibly  with  people  involved  in  the  development 
of  the  system  in  question.  Human  factors  mishaps  can  be  minimized  by  following  well-thought-out  standard 
operating  procedures  which  in  many  cases  have  been  revised  and  updated  from  accident  Investigations. 

Recent  Improvements  in  analytical  and  simulation  techniques  have  greatly  aided  the  investigation  pro¬ 
cess.  Techniques  which  have  been  particularly  helpful  in  military  aircraft  accidents  where  no  flight  rec¬ 
ords  data  are  available  Include  the  use  of  ATC  radar  records  and  piloted  motion  simulators.  ATC  radar 
information  can  be  analyzed  to  provide  time  histories  of  aircraft  position,  velocities,  forces,  and  atti¬ 
tude  angles.  Piloted  simulators  are  particularly  helpful  when  there  is  a  question  of  pilot  action  relating 
to  unusual  aircraft  behavior. 

REFERENCES 

1.  U.S.  Naval  Safety  Center:  Handbook  for  Aircraft  Accident  Investigation.  NAVAIR  00-80T-67.  1973. 

2.  Wingrove,  R.  C.;  and  Bach,  R.  E.,  Jr.:  Aircraft  Motion  Analysis  Using  Limited  Flight  and  Radar  Data. 

J.  Soc.  Flight  Test  Eng.  May  1980. 

3.  Bray,  Richard  S.;  and  Anderson,  Seth  8.:  Simulation  Techniques  Used  in  Investigating  Aircraft  Acci¬ 
dents.  RAES/CASI/AIAA  International  Conference  on  Atmosphere  Turbulence,  18-21  May.  London,  U.K. 

1971. 

4.  Wingrove,  Rodney  C.:  Accident  Investigation-Analysis  of  Aircraft  Motions  from  ATC  Radar  Recordings. 
NASA  SP-416,  pp.  179-190,  October  1976. 


60 

ROLL, 

(tag 


-60 

180 


HEADING, 

<N 


0 

180 


WING 

DROP 


8  9  10 


TIME,  min. 


ACCELERATION,  *  [  ArO 

g  units  - T  -| 


36:30  40  :50  37:00  :I0  :20 

TIME,  min 


Fig.  1  Data  from  actual  accident.  Fig.  2  Flight  recorder  data  from  Electra  accident. 


TITUDE 


RUDDER 


TIME,  sec 


TIME,  sec 


Fig.  3  Flight  recorder  data  from  training  accident.  Fig.  4  Simulator  time  history  of  training  accident. 


8-1 


LIFE  SUPPORT,  RESTRAINT  AND  EJECTION  SYSTEMS  INVESTIGATION 

by 

Squadron  Leader  D.J.  Anton 
Royal  Air  Force  Inatitute  of  Aviation  Medicine 
Farnborough,  Hampshire 
ENGLAND 


Tne  examination  of  life  support,  restraint  and  ejection  systems  is  an  integral  part  of  the  investiga¬ 
tion  of  any  aircraft  accident.  It  is  important  that  it  should  be  conducted  in  a  thorough  manner  and  par¬ 
ticular  care  should  be  taken  in  the  field  phase  of  the  investigation  as  much  of  that  evidence  is,  by  its 
nature,  ephemeral. 


THE  ACCIDENT  SITE 


Accident  location 


The  precise  location  of  the  accident  site  should 
distance  and  bearing  of  the  site  from  known  positions 
with  a  suitable  large  scale  map.  The  location  of  the 
team,  but  When  escape  system  components  are  scattered 
process  has  to  be  repeated  for  each  item. 

Photography 

Photographs  should  be  taken  as  soon  after  the  accident  as  possible  and  before  the  wreckage  or  any 
bodies  have  been  disturbed.  It  is  desirable  that  the  investigator  should  be  able  to  take  his  ovn  photo¬ 
graphs  as  this  saves  a  considerable  amount  of  time.  The  location  and  direction  of  each  photograph  ahould 
be  recorded.  Particular  attention  should  be  paid  to  the  following  subjects: 

Fixed  seats  and  restraint  systems 
Escape  system  components 
Impact  marking 
Personal  equipment 

Injuries  -  either  on  survivors  or  fatalities 
Fire  damage. 

The  type  of  camera  used  is  a  matter  of  personal  choice,  the  use  of  both  a  35mm  single  Kns  reflex  camera 
with  colour  film  and  a  Polaroid  camera  has  considerable  advantage. 

WRECKAGE  DISTRIBUTION  CHART 

This  will  normally  be  the  responsibility  of  the  engineering  member  of  the  accident  team.  The  escape 
system  investigator  should  however  be  prepared  to  make  his  own  chart  of  the  escape  system  components,  and 
this  is  normally  accomplished  for  compact  sites  by  taking  distance  and  bearing  measurements  from  a  single 
datum  poaition,  most  frequently  the  front  edge  of  the  impact  crater.  When  the  wreckage  is  scattered,  a 
base  line  can  be  laid  out  along  the  wreckage  trail  and  measurement  can  be  made  by  offset  from  this  trail. 
When  items  are  very  widely  scattered,  as  may  happen  for  a  medium  to  high  level  ejection,  the  location  of 
each  item  has  to  be  established  as  for  the  accident  site  itself . 

EXAMINATION  CF  IMPACT  MARKS  AND  DEBRIS 


be  established.  This  can  be  achieved  by  plotting 
or  by  analysis  of  aerial  photographs  in  conjunction 
site  is  normally  ascertained  by  the  main  accident 
over  a  wide  area  (sometimes  several  kilometres) ' the 


Examination  of  impact  marking  and  debris  is  vital.  At  accidents  where  the  adequacy  of  fixed  seating 
and  restraint  systems  is  being  examined  the  impact  marking  and  debris  will  furnish  evidence  of  the  type  of 
impact  and  the  pattern  of  break  up.  Careful  inspection  together  with  engineering  evidence  should  allow  an 
estimate  of  the  initial  velocity  to  be  made,  and  from  this,  and  tho  impact  marks,  G  loading  may  be  esti¬ 
mated.  Together  with  the  engineering  member  of  the  Board  of  Inquiry,  inertia  and  crash  switches  in  the  air¬ 
craft  can  be  checked,  and  these  may  provide  additional  supporting  evider.ce  for  the  crash  loads. 

When  investigating  escape  system^  impact  marking  may  show  the  attitude  end  d.  rection  of  the  ejection 
seat  at  first  ground  contact;  this  is  important  in  the  analysis  of  'on  the  edge  cl  the  envelope'  ejections 
and  in  escape  system  trajectory  reconstruction. 

In  addition  to  ground  contact  marking,  impact  marks  may  also  furnish  evidence  of  contact  with  other 
parts  of  aircraft  structure,  either  within  the  cockpit  or  against  other  parts  of  the  aircraft. 

INVESTIGATION  OF  THE  ESCAPE  SYSTEM 


The  purposes  of  the  escape  system  investigation  are: 

1)  to  establish  evidence  of  system  initiation 

2)  to  establish  ejection  conditions 

3)  to  establish  evidence  of  normal  sequential  function 

4)  to  relate  any  injury  sustained  to  the  appropriate  part  of  the  escape  sequence 
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5)  to  relate  any  equipment  damage  to  ejection  condition* 

b)  to  provide  accurate  data  for  flight  safety  and  design  purposes. 

The  following  cements  apply  only  to  Martin  Baker  escape  systems  but  the  underlying  principles  can  be 
applied  to  all  ejection  seats. 

1)  Evidence  of  system  initiation 

Since  under  certain  circumstances  some  ejection  seats  can  be  initiated  as  a  result  of  the  impact;  it  is 
important  to  determine  that  the  escape  system  has  been  voluntarily  initiated. 

a.  Cable  operated  systems 

Displacement  of  the  initiating  handle  from  its  housing,  withdrawal  of  the  main  gun  sear,  and 
'normal'  marking  by  the  latch  mechanism  on  the  latch  frame  is  normally  regarded  as  evidence  of  an 
initiated  ejection. 

b.  Gas  operated  systems 

Displacement  of  the  initiating  handle  from  its  housing;  together  with  withdrawal  of  the  main  gun 
sear,  and  normal  latch  frame  marking,  coupled  with  the  presence  of  explosive  residues  underneath  the 
piston  for  the  cross-shaft  assembly  and  in  the  gallery  of  the  power  shoulder  retraction  reel,  give 
strong  presumptive  evidence  of  voluntary  system  initiation. 

When  canopy  jettison  is  linked  to  ejection  initiation,  there  is  normally  a  fixed  time  delay  of  300 
milliseconds  between  the  start  of  canopy  jettison  and  firing  of  the  ejection  gun.  Under  these  circum¬ 
stances  evidence  of  normal  operation  of  the  canopy  jettison  system  is  additional  confirmatory  evidence  of 
voluntary  initiation.  Similar  considerations  apply  to  comcand  ejection  systems. 

2)  Ejection  conditions 

These  may  be  derived  from  several  different  sources.  The  pilot  or  crew's  narrative  account  of  the 
accident  may  well  give  the  height,  speed,  altitude  etc, of  the  aircraft  at  the  time  of  ejection,  although 
very  often  these  will  be  the  last  conditions  remembered  rather  than  the  conditions  actually  at  the  time  of 
leaving.  Where  Flight  Data  Recorders  (FDR)  are  fitted  it  may  be  possible  to  get  ejection  conditions  with 
greater  accuracy  either  by  an  ejection  marker  signal  on  the  FDR  trace,  or  by  the  pitch  change  associated 
with  the  ejection  seat  leaving  the  aircraft.  Occasionally  the  ejection  may  appear  on  film  and  this  enables 
an  analysis  to  be  undertaken,  although  the  process  is  far  from  simple.  Witness  markings  on  the  guide  rails 
on  the  ejection  gun  may  give  clues  as  to  the  aircraft  attitude  at  the  time  of  escape.  Finally  if  the  posi¬ 
tion  of  the  escape  system  components  on  the  ground  are  known  with  accuracy  (which  they  should  be  if  the 
mapping  has  been  done  properly)  it  is  possibly  knowing  the  performance  characteristics  of  the  escape 
system,  and  assuming  an  initial  set  of  ejection  conditions,  to  conduct  an  iterative  process  on  the  computer 
to  provide  a  "best  fit"  set  of  figures  for  the  escape. 

3)  Evidence  of  normal  sequential  function 

This  is  the  continuation  of  the  process  used  to  establish  evidence  of  system  initiation.  The  opera¬ 
tion  of  drogue  systems  to  stabilise  and  rt.ard  the  seat  is  checked,  followed  by  evidence  of  harness  release, 
seat  separation  and  parachute  deployment.  The  condition  of  the  drogues  and  the  main  parachute  may  provide 
confirmatory  evidence  for  the  ejection  conditions.  Where  the  escape  has  not  been  successful  due  to  a  late 
ejection  it  is  sometimes  possible  to  establish  when  the  sequence  was  terminated  by  witness  marking  on  either 
the  rack  of  the  drogue  gun  or  time  release  unit  timing  mechanism.  Similarly  where  impact  has  stopped  full 
time  release  or  drogue  gun  firing  mechanism  run  out,  the  position  of  the  mechanism  can  be  found  by  X-ray 
and  tha  time  at  impact  deduced.  Timing  can  sometimes  also  be  gauged  by  the  pattern  of  burning  of  multi¬ 
tube  rocket  motors.  The  lugs  of  the  restraint  and  parachute  harness  should  also  be  examined  for  evidence 
of  engagement  in  the  seat  harness  locks.  (See  examination  of  restraint  system.) 

Impact  ejection 

In  this  case  the  canopy  jettison  and  command  ejection  system  may  show  signs  of  abnormality.  Typically 
there  is  a  difference  in  the  sort  of  marking  made  by  the  latch  plunger  on  the  latch  frame;  since  tosepar- 
ate  the  seat  from  the  gun,  the  top  of  the  latch  frame  has  to  break  away.  Under  these  circumstances  ejec¬ 
tion  gun  firing  may  be  abnormal  and  one  or  both  of  the  secondary  cartridges  may  be  unfired. 

4)  Injuries 

The  investigation  of  injury  requires  a  close  link  with  both  the  clinicians  in  charge  of  the  case  and 
where  appropriate  the  pathologists. 

i.  Due  to  assisted  escape 

Injury  may  occur  at  different  points  in  the  escape  sequence  and  the  types  of  injury  are  often 
characteristic.  They  may  be  summarised  as  follows: 

a)  Injuries  occurring  as  a  result  of  explosive  canopy  disruption  i.e.  Miniature  Detonating 
Cord  systems. 

These  injuries  are  due  to  lead  spatter  from  the  explosive  cord  and  may  runge  from  penetra¬ 
ting  eye  damage  and  traumatic  tattooing,  to  an  insignificant  dusting  of  the  skin,  depending  on 
the  degree  of  protection  afforded  to  the  occupant,  and  his  proximity  to  the  cord  at  the  time  of 
detonation . 
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b)  Due  to  ejection  gun  fire, 

Thie  may  produce  the  characteristic  compression  fracturing  of  vertebrae  within  the  thoraco¬ 
lumbar  spine.  This  has  been  extensively  documented  elsewhere.  Very  rarely  mid  shaft  feireral 
fractures  may  be  seen  due  to  incorrect  leg  positioning  at  ajaction. 

c)  Due  to  through  canopy  ejection. 

Through  canopy  ejection  may  increase  the  incidence  of  lower  spinal  injury  due  to  ejection 
gun  firing  and  may  also  produce  injuries  in  the  cervical  spine  and  sternum  due  to  forced  hypar- 
flaxion  of  the  head. 

d)  Due  to  exposure  to  windblast. 

Leg  flail  occurs  from  a  speed  of  approximately  200  kts  upwards  when  the  legs  are  unre¬ 
strained  and  arm  flail  from  approximately  350-400  kta  upwards.  On  very  high  speed  ejections 
there  has  been  the  suggestion  that  distraction  injuries  of  the  neck  may  occur  due  to  helmet 
lifting  forces  and  at  least  one  air  force  has  reportad  blast  damage  to  the  lungs. 

e)  Due  to  drogue  or  parachute  deployment. 

Since  the  decelerative  forces  on  the  man  due  to  drogue  or  parachute  deployment  are  input  to 
the  man  through  the  harness,  the  head  and  neck  are  vulnerable  to  sudden  snatch  loading.  In  con¬ 
sequence  upper  spinal  injury  may  occasionally  occur.  Head  injury  due  to  impact  with  the  ejection 
seat  following  hairnet  loss  may  also  be  seen. 

f)  Due  to  psrachute  landing. 

Parachute  landing  injurias  vary  from  thoracic-lumbar  spinal  compression  fractures  to  limb 
and  joint  fractures.  Head  injuries  may  result  from  ground  impact  following  helmet  loss  on  ejec¬ 
tion  and  may  be  seen  even  with  helmet  retention  following  an  extended  parachute  drag  over  rocky 
terrain. 

ii.  Injuries  due  to  unassisted  escape 

Injury  may  occur  due  to  canopy  jettison  and  striking  parts  of  the  aircraft  during  the  escape. 
Other  injuries  may  occur  due  to  parachute  deployment  and  parachute  landing. 

5)  Equipment  damage 

The  crew's  clothing  should  be  recorded,  examined  to  determine  its  integrity,  and  any  damage  or 
defects  recorded.  Where  possible  damage  should  be  related  to  ascape  systams  operation  e.g.  boot  scuffing 
or  cutting  as  a  result  of  striking  items  within  the  cockpit  during  the  aarly  part  of  the  escape  sequence. 
Items  of  protective  equipment  such  as  lifepreservers  and  immersion  suits  should  be  tested  for  correct 
operation  even  when  they  have  not  been  used;  and  where  they  hava  been  used,  evidence  of  correct  function 
should  be  sought. 

Helmets  should  be  examined  and  the  essential  information  detailed  at  Annex  A  should  be  recorded. 

IMPACT  INJURIES  ON  FIXED  RESTRAINT  SYSTEMS 


Where  the  aircraft  was  occupied  at  impact,  injury  may  occur  eithar  as  a  result  of  the  deceleration 
alone,  or  from  the  deceleration  plus  a  subsequent  strike  sgainst  part  of  the  aircraft  structure.  It  is 
important  in  these  cases  to  assess  the  maintenance  of  cockpit  volume,  and  the  adequacy  of  the  restraint 
system. 

EXAMINATION  OF  RESTRAINT  AND  PARACHUTE  HARNESSES 


Tha  examination  falls  naturally  under  three  headings: 

1)  Examination  of  the  attachments 

2)  Examination  of  the  harness 

3}  Examination  of  the  fastening(s) 

It  is  necessary  to  examine  the  seats  and  their  attachments  as  part  of  this  investigation  and  this  should 
be  done  in  conjunction  with  the  relevant  engineering  specialists. 

1)  Attachments 


In  aircraft  without  escape  systems  the  attachments  for  the  harnesses  should  be  to  aircraft  strong 
points.  These  attachments  should  be  examined  for  evidence  of  distress  or  failure  and  the  conditio-*  of  the 
harness  webbing  leading  from  them  should  be  noted.  Some  harnasses  are  located  only  to  the  seat,  reliance 
being  placed  on  tha  seat  attachments  to  react  the  harness  loads.  These  seat  attachments  should  be  exam¬ 
ined  very  carefully  as  although  the  static  strength  calculations  may  indicate  that  the  attachments  are 
adequate,  no  note  is  taken  of  the  effects  of  airframe  structural  deformation.  Cases  hsve  occurred  where 
the  aircraft  has  'sprung'  enough  to  release  the  seat  attachments  and  then  gone  back  to  its  original 
position. 
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The  condition  of  the  inertia  or  retraction  reel  thould  be  aaieiaad.  Attempt*  ahould  be  made  to 
eatabliih  whether  the  harne**  wa*  fully  retracted  and  if  it  wat  locked.  Where  injuries  have  occurred 
that  appear  to  be  due  to  poor  upper  torso  restraint,  tha  upper  torso  harness  geometry  should  be  assessed 
together  with  the  freedom  of  ' taka-up*  on  tha  inertia  reel,  inertia  real  spring  tensiun  and  harness 
routing. 

On  ejection  seats  the  harness  lugs  which  attach  to  the  harness  locks  should  be  axamined,  and  in  cases 
vhare  tha  pilot  was  still  attached  to  the  seat  at  impact,  these  lugs  may  show  evidence  of  ovalisation. 

This  provides  confirmatory  evidence  of  an  impact  above  survivable  limits. 

2)  Examination  of  the  harness 


The  harness  should  be  examined  for  evidence  of  damage  and  its  condition  should  be  noted.  The  harness 
adjustment  is  frequently  changed  in  the  process  of  removal  from  tha  subject  but  its  position  at  the  time 
of  impact  can  sometimes  ba  established  by  tha  preaenca  of  ’set*  marks  in  tha  material  where  it  has  been 
grippad  by  the  adjustment  buckles.  Tha  adjustment  of  the  harness  should  be  related  to  body  size,  which 
should  be  known  from  the  individual's  anthropoumtry . 

3)  Examination  of  the  fastenings 

Tha  quick  release  fastening  should  always  be  checked  for  integrity  as  it  it  not  uncommon  to  find 
avidance  of  inertial  or  inadvertent  release.  This  it  particularly  true  of  tome  civil  harnesses  but  it 
may  alto  occur  with  certain  military  fasteners. 

Note  thould  ba  taken  of  any  difficulty  of  operation,  at  the  relaata  forest  on  some  fittings  are  a 
function  of  the  load  applied  across  them.  This  can  lead  to  problems  in  separating  from  the  parachute  when 
being  dragged  under  high  surface  wind  conditions. 

EXAMINATION  OF  THE  CREW 


This  will  have  been  dona  by  the  Flight  Surgeon  or  Flight  Medical  Officer  first  involved  at  the  acci- 
dant.  It  it  important,  however,  that  the  investigator  thould  examina  tha  injuries  at  first  hand,  as  this 
avoids  the  problam  of  interposing  a  different  judgement  as  to  causation.  Where  possible  a  full  narrai ive 
history  of  the  emergency  and  the  escape  thould  be  obtained,  and  caraful  nota  thould  be  taken  of  the  memory 
for  various  parts  of  the  escape  sequence,  so  that  tha  pretence  and  duration  of  any  impaired  consciousness 
can  be  determined.  If  there  it  any  evidance  of  impairad  consciousness,  note  of  any  head  or  neck  injury 
thould  be  taken,  including  Xrayt,  and  s  full  neurological  examination  should  be  conducted.  Full  notes  of 
the  clinical  condition  of  the  subject  must  be  racorded. 

The  post  mortem  examination  by  the  pathologist  should  ba  attended  and  note  taken  of  any  injuries. 

In  cates  where  the  escape  system  appears  to  have  functioned  normally,  but  the  ejectee  has  failed  to  sur¬ 
vive,  particular  care  thould  be  taken  in  looking  for  evidence  of  incapacitation  prior  to  death.  A  careful 
dissection  of  the  cervical  spine  thould  be  carried  out  under  thase  circumstances. 

EXAMINATION  OF  OXYGEN  AND  PRESSURISAIION  SYSTEMS 


Oxygen  and  pressuritation  systems  tend  only  to  be  examined  post  accident  when  the  circumstances  in¬ 
dicate  that  a  malfunction  may  have  occurred.  Their  examination  follows  the  same  lines  at  for  any  other 
aircraft  system  and  consists  of  chacks  to  attempt  to  detarmina  functional  integrity  and  control  setting. 
In  cartain  cases  it  may  be  possible  to  demonstrate  the  presence  of  ante  mortem  hypoxia,  but  this  requires 
careful  discussion  with  the  pathologists. 

REPORT  WRITING  AND  DOCUMENTATION 


The  final  report  it  a  vital  document,  since  it  it  the  only  lasting  record  of  the  accident.  It  should 
be  complete  and  accurate  since  it  it  upon  cumulative  reports  that  the  evidance  for  prevention  studies  and 
flight  safety  improvements  are  bated.  It  is  necessary  sometimes  to  rtcord  absence  of  evidence  as  well  as 
presence  of  evidence  and  a  very  clear  distinction  should  be  drawn  between  recorded  facts  and  interpreted 
causes.  This  is  necessary  since  experience  over  a  number  of  accidants  may  change  the  interpretation  of 
evidence  and  a  failure  to  distinguish  clearly  between  interpretation  and  fact  does  falsify  accident  stati¬ 
stics.  It  helps  to  have  a  standard  format  for  recording  information  and  NATO  Stanag  3318  it  suitable  for 
this  purpose.  Whilst  3318  it  useful  for  recording,  it  does  not  serve  as  the  basis  for  a  report  to  a 
Board  of  Inquiry,  and  the  euthor  uses  tha  format  shown  at  Annex  B. 

FACILITIES  AND  EQUIPMENT  NEEDED  -  See  Annex  C. 
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ANNEX  A 


Information  to  be  recorded  on  helmets 

a.  Halmat  Coda  number  for  futura  rafaranca.  Subjact  dataila. 

Evidanca  of  ratantion  and  configuration,  chin  strep,  mask  and  viaor  poaitiona. 
Type  and  aisa  of  helmet,  dagraa  of  fit,  spacial  modifications. 

Photographic  recording.  Full  covaraga  of  ahell. 

Dataila  of  apacific  araaa. 

Full  description  of  halmat  damage. 

Shall  and  viaor 
Lining/auapension  tapes 
Neck  strap/break  links 

Associated  equipment  -  oxygen  mask,  ear  protectors  ate. 

b.  Incident  Date 

Ejection /crash /mid-air  collision/other  incidents  incurring  damage. 

Brief  account  of  incident  containing  all  ths  information  relevant  to  head  impact. 
Pra-incident  position  of  the  viaor. 

Description  of  any  objects  known  or  thought  to  have  bean  atruck  by  the  head. 
Canopy,  instruments,  ground  escape  systems  ,  ate. 


Windblaat.  Dataila  of  loss  or  movement  of  the  halmat,  if  applicable. 
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SAMPLE  FINAL  REPORT  FORMAT 


ANNEX  S 


The  Fictual  Rsport 

Circumstances  of  the  accident 


This  i«  •  brief  narrative  of  the  event!  leading  up  to  the  accident,  e  description  of  the  Occi¬ 
dent  end  its  location,  end  en  outline  stetesient  (where  eppliceble)  of  whether  escepe  wee  successful 
or  not. 

Weether  Conditions 


Crew 


A  list  of  the  crew  involved. 

Injuries 

A  detailing  of  toy  significent  injury  occurring.  Where  relevect  this  would  also  include  an  out¬ 
line  of  the  important  post-aortam  findings. 

Personal  Equipment  (AEA) 

A  list  of  the  equipment  worn  together  with  its  condition. 

Distribution  of  Wreckage  end  Escepe  System  Components 

This  is  normally  presented  as  a  map  in  en  Annex  to  the  mein  report.  Occasionally  a  description 
is  added. 

Condition  of  the  Escepe  Systems 

A  detailed  description  of  the  condition  of  the  various  items;  end  would  include  as  subheadings 
condition  of  the  parachute,  its  harness,  and  the  restraint  system. 

Analysis 

Under  analysis  the  evidence  recorded  is  drawn  into  an  assessment  and  evaluation  of  the  most 
likely  sequence  of  events.  This  leeds  to  the  formulation  of  various  hypotheses  which  may  be  triad 
and  rejected.  Causes  of  rejection  should  be  noted.  Whan  a  conclusion  is  drawn  which  is  an  expression 
of  opinion  rather  than  irrefutable  fact  this  should  be  clearly  indicated. 

Conclusions 


Findings 

Causes 


Safety  Recommendations 


J.A±x,:T*- 


In  tha  field 

Adequata  protective  clothing 
Identification  papara 

Large  acala  napa  of  tha  araa  of  tha  accidant 
A  good  magnetic  compaae 

A  ataal  maaauring  tapa  at  laaat  twanty  matraa  long 
A  pockat  calculator,  protactor  and  dividara 
Graaaa  pencil  or  indalibla  marking  crayona 
Writing  matariala,  nottbooki  and  labali.  (Dictaphone) 

A  atrong  multipurpoae  knife 
Pocket  lena  and  amall  mirror 
Haavy  twina  or  cord 
Flag  marker a 

A  waterproof  electric  torch  with  apara  battariaa  and  filament 

Photographic  equipment 

Small  firat  aid  kit 

Copiea  of  relevant  documentation. 

In  tha  laboratory 

Photographic  equipaient 
Starao  microacope 
Table  for  laying  out  parachute 
Storage  apaca 

Accaaa  tot  Technical  literature 
Workahop  facilitiea 
Manufacturer a 
Forenaic  laboratory 


i  l>  xijiiBLLaw 
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AIRCRAFT  ACCIDENT  INVESTIGATION 
AND  THE 
FLIGHT  SURGEON 
by 

Colonel  Russell  B.  Reyman,  USAF 
USAF  Hospital/SG 
England  AFB,  LA  71311 
USA 


Physicians  practicing  aviation  medicine  may  be  called  upon  at  any  time  to  participate  in  the 
investigation  of  an  aircraft  accident.  The  flight  surgeon  is  obligated  to  provide  the  accident 
investigation  board  with  an  accurate  and  complete  report  including  findings  and  constructive  recommenda¬ 
tions.  However,  in  order  to  do  this,  an  understanding  of  investigative  techniques  as  well  as  a  basic 
knowledge  of  aircraft,  life  support  systems,  survival  equipment,  and  aviation  pathology  is  necessary. 

This  paper  describes  for  the  flight  surgeon  the  essentials  of  aircraft  accide"'  Investigation. 

Although  what  is  written  herein  is  intended  primarily  for  the  military  flight  surgeon,  much  of  its 
Instruction  has  relevance  for  the  investigator  of  commercial  and  general  aviation  accidents.  In  any  case, 
the  flight  surgeon’a  role  is  to  determine  the  cause  of  injury/death,  to  decide  if  egress/life  support 
equipment  functioned  properly  during  the  escape,  survival,  and  rescue  sequence,  and  to  ascertain  if  there 
were  medical  or  human  factors  which  contributed  to  the  accident.  How  the  flight  surgeon  fulfills  this 
role  is  the  subject  of  this  review. 


INTRODUCTION 

Physicians  practicing  aviation  medicine  may  be  called  upon  at  any  time  to  participate  in  the 
investigation  of  an  aircraft  accident.  The  flight  surgeon  is  obligated  to  provide  the  accident  investiga¬ 
tion  board  with  an  accurate  and  complete  report  including  findings  and  constructive  recommendations. 

Aircraft  accident  investigation  requires  knowledge  and  skill.  Knowledge  of  investigative  techniques  is 
acquired  from  the  classroom  as  well  as  from  reflective  study  of  the  literature.  However,  acquisition  of 
the  skill  (as  well  as  style)  of  aircraft  accident  investigation  is  quite  another  matter — it  must  be 
developed  and  refined  with  experience;  it  simply  cannot  be  instilled  in  a  short  course  of  instruction. 

What  is  expected  of  novice  flight  surgeons,  however,  is  a  thorough  understanding  of  the  basic  principles 
of  aircraft  accident  investigation  as  well  as  adequate  preparation  (before  the  accident  occurs).  This 
should  provide  the  flight  surgeon  with  adequate  resources  to  complete  a  constructive  and  useful  medical 
investigation. 

When  one  considers  the  nature  of  military  flying,  for  example,  aerial  combat  maneuvers,  air-to-ground 
weapon  delivery,  air-to-air  refueling,  formation  flying,  and  low  level  navigation,  it  becomes  clear  how 
important  flying  safety  programs  and  aviator  professionalism  are.  However,  in  spite  of  even  the  very  best 
of  flying  safety  programs,  the  nature  of  military  flying  is  inherently  risky.  Although  prevention  programs 
have  resulted  in  marked  reductions,  some  aircraft  losses  and  aircrew  ejections  can  be  anticipated. 

When  accidents  do  occur,  they  must  be  investigated  thoroughly  in  the  hope  that  whatever  information  is 
revealed  will  help  prevent  a  recurrence.  As  stated  so  well  in  a  USAF  manual,  "The  purpose  of  an  aircraft 
accident  investigation  is  to  determine  all  factors,  human  and  material,  which  directly  or  indirectly 
contributed  to  the  accident.  This  information  can  be  used  to  .  .  .  prevent  recurrence  of  similar  accidents. 
Each  accident  investigation  adds  to  the  overall  USAF  accident  experience,  providing  a  basis  for  corrective 
action.  The  proper  uc«.  of  incident  experience  result*  i.i  elimination  of  accident  potentials, 1,1 

ROLE  OF  THE  FLIGHT  SURGEON 

Aircraft  accidents  are  due  to  either  human  factors  such  as  illness,  disability,  or  errors  of  judgement; 
mechanical  factors  such  as  material  failure;  or  environmental  factors  such  as  weather.  Therefore,  in  order 
for  an  aircraft  accident  investigation  board  tc  have  a  full  spectrum  of  expertise,  its  voting  atsulttship 
should  Include  not  only  pilots  and  maintenance  officers,  but  also  a  flight  surgeon. 

The  flight  surgeon's  role  is  to  determine  the  cause  of  injury/death,  to  decide  if  egress/life  support 
equipment  functioned  properly  during  the  escape,  survival,  and  rescue  sequence,  and  to  ascertain  If  there 
wer._  medical  or  human  factor#  which  contributed  to  the  accident.  He*,  the  flight  surgeon  fulfills  this  role 
Is  the  subject  of  the  ensuing  pages  of  this  review. 

PREPARATION 

One  of  the  keys  to  successful  aircraft  accident  Investigation  is  preparation.  The  flight  surgeon  who 
makes  an  extra  effort  to  be  prepared  will  be  better  able  to  respond  quickly  and  efficiently  should  an 
accident  occur.  This  effort  will,  undoubtedly,  contribute  to  a  better  final  product.  Preparation  cannot 
be  over-emphasized  since  accidents  always  seem  to  occur  at  times  least  expected  and  at  times  of  the  greatest 
inconvenience.  The  following  are  suggestions  to  the  flight  surgeon  which  will  help  ensure  readiness  should 
the  unexpected  occur. 

a.  Designate  a  ready  access  area  in  a  convenient  location  of  the  Flight  surgeon's  Office  for  the 
paraphernalia  that  a  flight  surgeon  might  need  for  aircraft  accident  investigation.  The  accessibility  of 
these  supplies  would  then  permit  the  flight  surgeon  to  respond  expeditiously  to  an  accident  whether  it 
occurs  during  the  day  or  in  the  middle  of  the  night.  Regardless  when  an  accident  occurs,  the  flight 
surgeon  must  be  ready  to  deploy  immediately  with  supplies  to  the  accident  site.  Groping  for  them, 
particularly  in  a  deserted  hospital  at  night  or  very  early  in  the  morning,  is  a  poor  way  to  begin. 
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b.  In  the  designated  ready  access  area,  pertinent  organizational  regulations  and  publications 
concerning  accident  investigation  which  will  assist  the  raedlcsl  officer  must  be  maintained.  In  this  way 
the  investigator  will  have  ready  reference  to  unit  policies  and  procedures  which  will  serve  as  a  guide  for 
an  accurate  and  complete  investigation  report.  Other  textbooks  and  journal  articles  germane  to  aircraft 
accident  investigation  should  also  be  kept  on  file.  If  this  is  done,  the  flight  surgeon  will  have  a 
ready-reference  library  from  which  useful  information  can  be  extracted. 

c.  Medical  lnvestlgstor  kits  should  be  prepacked,  stored,  and  ready  for  immediate  use.  The 
number  of  kits  and  the  extent  of  their  contents  must  be  determined  by  the  flight  surgeon  based  upon  the 
flying  mission,  the  nature  of  the  surrounding  area,  and  the  type  of  aircraft  that  moat  frequently  takes 
off  and  lands  at  that  particular  base.  For  example,  a  base  which  accommodates  high-performance 
single-seat  aircraft  and  is  located  near  a  metropolitan  area  hss  potentially  different  investigation 
problems  than  a  transport  air  base,  situated  near  rugged  hill  country,  where  large  aircraft  are  coming 
and  going.  More  will  be  said  in  later  p.  ragraphs  on  the  contents  of  these  kits. 

d.  To  be  an  effective  and  efficient  investigator,  the  flight  surgeon  must  do  far  more  than  have 
neatly  tucked  away  publications  and  a  complete  investigator's  kit.  An  important  part  of  preparation  is 
training.  Flight  surgeons  should  periodically  attend  courses  in  aircraft  accident  investigation.  (There 
are  several  such  courses  in  the  USA  which  teach  not  only  the  basics,  but  also  aspects  of  aviation 
pathology.)  Furthermore,  at  least  one  basic  textbook  should  be  read  as  well  as  pertinent  journal  articles. 
In  addition,  flight  surgeons  should  be  required  to  review  periodically  organizational  rules  and  regulations 
as  well  as  the  various  forms  governing  aircraft  accident  investigation.  Only  in  this  way — by  maintaining 
familiarity  with  investigative  procedures  and  with  the  role  of  a  physician  investigator — will  the  flight 
surgeon  be  well  prepared  and  well  rounded  academically. 

e.  Flight  surgeons  must  be  familiar  with  the  structural  features  of  the  aircraft,  the  egress 
system,  and  life  support  equipment  utilized  by  the  flying  unit.  Additionally,  the  flight  surgeon  must  know 
the  nature  of  the  flying  missions  and  portions  of  the  missions  \hich  are  especially  demanding  on  both  the 
ciew  and  the  aircraft.  Tills  knowledge  la  beat  gained  by  flying  pei  iodically  un  the  unit  aircraft  and  by 
discussing  the  mission  with  pilots.  Furthermore,  periodic  visits  to  the  egress  and  life  support  facilities, 
discussions  with  facility  personnel,  and  reviewing  the  aircraft  systems  manual  and  various  technical  orders 
dealing  with  the  egress /life  support  systems  ate  encouraged.  Only  In  this  way  ten  the  (light  surge*.-.,  under¬ 
stand  thia  equipment  and  its  operation  and  be  able  to  identify  deficiencies.  When  suddenly  called  to  the 
field  following  a  crash,  the  flight  surgeon  must  already  be  very  familiar  with  thoae  systems. 

f.  The  flight  surgeon  must  become  acquainted  with  flying  safety  and  life  support  personnel  and 
should  attend  Lheii  lueetiuga.  This  ia  anut'uer  way  that  the  flight  surgeon  can  learn  mole  about  the  mission, 
safety,  and  life  support  problems  and  can  also  establish  good  rapport  with  those  individuals  with  whem  he 
would  be  working  in  the  event  of  an  aircraft  accident. 

g.  Flight  surgeons  should  read  over  old  aircraft  accident  reports  which  are  on  file.  These  reports 
can  be  very  Instructive  in  that  they  represent  examples  of  completed  formats  of  previous  investigations. 

h.  Ensure  that  paramedical  personnel,  who  may  be  called  on  to  assist,  remain  current  in  aircraft 
accident  investigation  procedures.  These  technicians  frequently  provide  invaluable  assistance  to  flight 
surgeons,  particularly  in  those  accidents  involving  large  numbers  of  personnel.  Although  technicians  are 
not  voting  members  of  the  board,  they  may  participate  with  the  flight  surgeon  in  the  investigation. 

AIRCRAFT  ACCIDENT  INVESTIGATION  MEDICAL  FORMS 

Th*  medical  portion  of  the  aircraft  accident  lnwewMgat lot  report  trust  he  rotcpleted  cm  ‘.one  type  of 
form,  the  format  of  which  will  vary  somewhat  from  organization  to  organization.  The  design  of  the  format 
is  not  important  in  itself  as  long  as  it  clearly  and  logically  provides  complete  information  addressing 
the  entire  accident  sequence  including  egress/ejection,  survival,  and  rescue.  A  good  investigation  form 
will  help  the  flight  surgeon  whose  task  it  is  to  gather,  to  sort  out,  and  to  analyze  a  considerable  amount 
of  data,  it  would  be  worthwhile,  as  part  of  training,  to  review  periodically  this  form  in  order  to  ensure 
familiarity  with  its  content  and  format.  Then,  suddenly  confronted  with  an  accident  investigation,  the 
flight  surgeon  will  at  least  have  a  preconceived  notion  of  how  to  proceed. 

A  word  of  caution:  flight  surgeons  frequently  feel  compelled  to  '"fill  in  all  of  the  blocks  as 
quickly  as  possible.  This  compulsion  should  be  resisted  lest  the  investigation  be  an  unthinking  pursuit  of 
unrelated  details.  Rather,  view  the  accident  from  the  heights,  integrating  and  correlating  all  of  the 
available,  evidence,  and  use  the  font  only  at  a  vehicle  fer  recording  intern*! ion.  The  fallowing  is  tecx*,- 
mended  data  which  should  be  gathered  and  compiled  on  any  accident  investigation  form  regardless  how  the 
form  itself  is  structured. 

a.  Flight  Dats:  This  section  should  address  weather  and  environmental  conditions.  Thi3 
information  could  be  provided  by  survivors  or  from  secondary  sources. 

b.  Medical  lufoiuiatlbii:  Medical  inf  ujimatiuu  it,  of  particular  Intel  eat  tu  the  flight  Suigeon.  All 
injuries  must  be  identified,  their  cause  determined,  and  an  estimate  of  when  they  occurred  during  the  acci¬ 
dent  sequence.  Only  by  such  an  analysis  can  recommendations  be  made  to  prevent  similar  Injuries  in  the  fu¬ 
ture,  Diseases  or  defects  present  at  the  time  o (  tie  mishap  must  also  be  acted  since  they  very  well  may  bevr 
contributed  to  the  accident.  This  requires  that  the  medical  records  of  all  aircrewmembers  be  reviewed  in 
detail.  It  is  also  important  to  know  whether  or  not  the  aircrevmember  was  flying  with  a  medical  waiver, 
since  it  must  be  determined  if  the  waived  medical  condition  contributed  to  the  accident.  (This  information 
may  help  determine  if  waivur  policy  is  too  liberal  or  too  conservative.)  All  lab,  x-ray,  and  autopsy 
results  should  also  be  included  in  this  section. 
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c.  Psychophysiol  >gical  and  Environmental  Factora:  This  section  is  extremely  important  in  that 
theae  factors  have  been  and  continue  to  be  contributory  to  a  aignificant  number  of  accidenta  annually. 

They  are  generally  considered  under  the  rubric  of  human  factors  and  include,  for  example,  supervision, 
cockpit  design,  communications ,  illness,  personal  problema,  and  a  host  of  other  atressea  of  flight.  Each 
of  these  factors  must  be  considered  in  relation  to  the  accident,  escape,  landing,  aurvival,  and  rescue. 

This  is  a  particularly  tedious  portion  of  the  flight  surgeon's  investigation  because  causal  relationships 
of  some  of  the  factors  are  extremely  difficult  to  prove.  Examples  include  boredom,  inattention,  over- 
confidence,  distraction,  lack  of  confidence,  task  overload— all  of  which  can  be  implemented  only  by 
supposition.  Therefore,  the  investigation  of  human  factors  will  put  the  flight  surgeon  to  the  teat. 

d.  Peraonal  Data:  Information  in  the  crewmember's  flight  and  personnel  records  concerning  flying 
experience,  schools  attended,  and  training  should  be  included  in  this  section.  These  data  may  be  useful 
if  the  flight  surgeon  feels  inadequate  flying  experience  or  training  were  contributory  factora.  Also 
included  lu  this  section  are  anthropometric  meaaurements  which  can  be  a  factor  in  ejections  from  small 
cockpit  aircraft  by  crewmembers  who  are  unusually  tall  or  with  exceaa  aitting  height.  A  portion  of  the 
personal  data  should  be  given  to  a  chronological  account  of  activities  for  the  72  hours  Just  prior  to  the 
accident  for  all  crewmembers.  Oftentimes  a  detailed  history  will  reveal  improper  sleeping,  eating,  or 
drinking,  for  example,  which  may  have  a  bearing  upon  the  mishap. 

e.  Personal,  Survival,  and  Escape  Equipment:  The  medical  investigator  should  have  assistance 
from  life  support  personnel  in  completing  this  section.  All  life  support  equipment  which  the  aircraft  and 
crew  carry  must  be  identified  and  must  be  discuased  regarding  lta  availability,  its  use,  and  its  proper 
function  during  all  phabes  of  the  accident  sequence,  i.e.,  accident,  escape,  landing,  survival,  and  tee-cue* 
In  the  event  there  were  any  discrepancies  in  the  use  or  function  of  this  equipment,  an  explanation  with 
recommendations  should  be  Included  in  the  flight  surgeon's  comments  and  analysis. 

f.  Egress,  Survival,  Ejection,  Bailout:  The  escape  sequence  whether  by  ground  egress,  ejection, 
or  bailout  must  be  investigated  in  detail.  Consequently,  an  adequate  portion  of  the  investigator's  form 
should  be  accorded  to  this  phase  of  the  investigation.  Conscientious  completion  of  this  section  will 
help  identify  escape  problems  and  will  permit  constructive  recoifv .idations. 

g.  Survival  and  Rescue:  Survival  and  rescue  are  part  of  the  accident  sequence  and,  therefore, 
must  be  fully  investigated.  This  section  should  address  all  aspects  of  survival  and  rescue:  environmental 
conditions,  appropriate  use  of  equipment  by  the  crew,  and  rescue  operations.  Any  problems  or  difficulties 
must  be  identified  with  appropriate  comments  and  recommendations. 

h.  Flight  Surgeons  Analysis  and  Recommendations:  This  section  is  the  single  most  important  part 
of  the  medical  investigator's  form.  It  is  in  this  section  that  the  flight  surgeon  summarizes  his 
findings,  analyses,  and  recommendations  regarding  the  accident,  egress,  survival,  and  rescue  sequence. 

All  pertinent  findings  in  the  preceding  sections  of  the  form  should  be  discussed  in  detail.  And  this 
analysis  should  Include  not  only  those  findings  of  direct  relevance  to  the  accident,  but  also  those 
deficiences  which  are  only  Incidental.  Because  by  correcting  today's  incidental  finding,  tomorrow'a 
accident  may  well  be  prevented. 


MEDICAL  INVESTIGATOR  KIT 

Although  flight  surgeons  are  free  to  design  their  own  investigation  klta.  the  following  is  a  suggested 
kit  which  can  be  modified  accordingly.  Actually  there  should  be  two  types  of  kits.  One  would  contain 
minimum  supplies  most  suitable  for  on-base  accidents  involving  small  aircraft  or  for  physiological 
incidents.  Waterproof  plastic  bags  serve  well  as  containers  for  the  contents.  Although  the  exact  contents 
are  at  the  discretion  of  the  flight  surgeon,  the  following  minimum  items  are  recommended:  the  medical 
investigators  aircraft  accident  investigation  form,  vacu-container3,  needles,  tubes  for  collecting  blood 
specimens,  tourniquets,  lab  and  x-ray  request  forms,  paper,  and  pencils.  More  could  be  added,  of  course, 
but  these  items  should  be  enough  to  begin  the  investigation  of  most  aircraft  accidents.  As  many  of  these 

kits  should  be  prepacked  as  might  conceivably  be  needed:  perhaps  6  to  10  on  a  fighter  base  and  20  to  30 

on  a  cargo/transport/bomber  base. 

A  second  type  of  kit  could  be  designed  more  suitable  for  deployment  to  off-base  accident  sites  or  for 
more  serious  accidents  in  which  there  are  several  or  many  casualtiea/fatalities.  This  kit  could  contain, 
in  addition  to  the  contents  of  the  waterproof  plastic  bags  described  in  the  preceding  paragraph,  such  items 
as  flashlights,  scissors,  pocket  knife,  metal  stakes,  twine,  tape,  and  heavy  leather  gloves.  Perhaps 
two  or  three  such  kits  housed  in  an  appropriate  bag  would  be  sufficient  for  most  bases. 

It  is  strongly  recommended  that  camera  and  film  as  well  as  a  portable  cassette  recorder  be  readily 
available.  Photographs  at  the  accident  site  can  be  extremely  useful  for  the  flight  surgeon  investigator. 

Likewise,  a  cassette  recorder  can  be  used  by  the  Investigating  team  at  the  accident  site  to  obtain  state¬ 

ments  from  surviving  crewmembers  or  witnesses  when  the  events  are  still  clearly  in  mind. 

Prepacked  kits  such  as  these  stored  in  a  designated  area  are  Invaluable  to  a  flight  surgeon  who  must 
deploy  quickly  to  an  accident  site.  On  hand  would  be  the  Investigation  form  and  the  necessary  supplies 
to  begin  the  investigation  on  the  shortest  notice. 

For  further  suggestions  as  to  the  contents  of  the  above  kits,  the  reader  is  referred  to  a  I'SAF  School 
of  Aerospace  Medicine  review  entitled  Altcraft  Accident  Medical  investigator's  Kit.‘  This  excellent 
publication  provides  many  ideas  of  which  each  flight  surgeon  must  make  selections  based  upon  preference 
and  anticipated  need. 
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THE  AIRCRAFT  ACCIDENT  INVESTIGATION  BOARD 

When  an  accident  occurs,  a  flight  surgeon  will  undoubtedly  be  appointed  as  a  member  of  the  aircraft 
accident  investigation  board.  In  some  cases,  he  may  be  assigned  to  the  same  base  as  the  accident 
aircraft;  in  other  cases,  he  may  be  sent  from  another  base.  In  any  event,  it  is  most  Important  that  the 
flight  surgeon  is  al.eady  familiar  with  the  type  of  aircraft  involved.  Furthermore,  the  medical  member 
of  the  board  should  be  fully  dedicated  to  the  investigation.  If  the  flight  surgeon  is  allowed  to  spend 
only  a  portion  01  hia  time  with  the  board  in  order  for  him  to  continue  with  his  hospital  duties,  in  most 
cases,  the  accident  investigation  duties  will  suffer.  For  the  very  best  product,  total  immersion  in  the 
accident  board  proceedings  is  mandatory.  And  this  is  achieved  only  by  full-time  presence  with  the  other 
board  members.  In  general,  most  investigations  last  two  to  six  weeks. 

Exactly  how  a  board  functions  depends  very  much  upon  organizational  directives  and  the  modus  operandi 
of  the  board  president  or  chairman.  Usually,  the  board  is  given  a  work  area,  secretarial  support,  and 
whatever  other  administrative  support  is  required.  Each  investigator  goes  about  his  business  accomplishing 
his  portion  of  the  investigation  by  visiting  the  crash  site.  Interviewing  survivors  and  witnesses,  and 
consulting  with  other  experts  and  board  members.  Daily  meetings  should  be  held  for  cross  talk,  discussion, 
resolution  of  problems,  and  updating  progress.  These  meetings  are  extremely  Important  in  that  the 
investigators  cannot  only  discuss  and  resolve  problems,  but  also  can  provide  information  to  one  another. 

It  provides  a  forum  for  the  integration  of  all  available  information  which  is  so  necessary  in  constructing 
the  sequence  of  events  leading  to  the  accident  as  well  as  an  analysis  of  its  cause.  This  lends  further 
credence  to  the  requirement  for  the  flight  surgeon  to  be  100T  dedicated  to  the  accident  board  proceedings. 

Although  the  flight  surgeon  may  be  the  only  medical  member  of  the  investigation  board,  he  will  have  to 

solicit  assistance  and  consultation  from  other  professionals.  For  example,  assistance  from  egress 
specialists  or  life  support  personnel  may  be  necessary  in  solving  problems  involving  suspected  malfunction 
of  the  ejection  aeat  or  other  life  support  systems.  In  some  instances,  human  factor  specialists  may  also 
assist  the  flight  surgeon  in  unraveling  the  paychodynamics  of  human  error.  The  pathologist  also  plays 
a  key  role:  the  auLopsy  and  analysis  of  body  fluids  may  very  well  be  the  key  to  determining  the  cause 
of  injury  or  of  death.  It  is  important  that  the  autopsy  findings  of  the  pathologist  and  the  operational 
knowledge  of  the  flight  surgeon  be  Integrated  In  order  to  properly  analyze  various  Injury  patterns 
Furthermore,  consultation  with  the  pathologist  as  well  as  dental  officers  may  be  necessary  for  the 
identification  of  remains.  Therefore,  the  young,  inexperienced  flight  surgeon  should  never  feel  alone 
since  he  may  call  upon  any  number  of  available  consultants. 

The  flight  surgeon  member  of  the  board  should  conduct  hia  investigation  without  any  preconceived  ideas. 
It  Is  of  utmost  Importance  that  he  keep  an  open  mind  and  not  prematurely  draw  conclusions  based  upon  what 

he  has  heard  or  upon  what  seema  obvious  at  first  glance.  A  good  investigator  approaches  an  accident  as  a 

detective  approaches  a  murder  mystery — everyone  and  everything  is  suspect.  The  flight  surgeon  must  seek 
answers  to  many  questions:  Did  any  human  factors  cause  or  contribute  to  the  accident?  Did  the  egress  and 
life  support  systems  function  properly?  What  caused  death  or  injury?  Were  there  any  survival  problems? 
What  can  be  recommended  to  prevent  a  recurrence?  The  flight  surgeon  then  must  gather  evidence  in  order 
to  answer  these  questions.  It  can  come  from  the  wreckage,  autopsy,  survivor  testimony,  lab  and  x-ray 
studies,  witnesses,  and  findings  of  other  members  of  the  board. 

Certainly  every  accident  is  different;  none  ever  follows  a  script.  They  may  occur  on  or  off  base; 
on  land  or  at  sea;  fighter,  transports,  bombers,  or  helicopters  can  be  involved;  some  cause  as  many  as 
100-150  fatalities;  others  result  in  various  injuries  but  no  fatalities;  other  accidents  will  involve 
successful  or  unsuccessful  ejections.  Therefore,  because  of  the  wide  range  of  circumstances  surrounding 
aircraft  accidenta,  the  investigator  must  be  flexible  in  his  approach  to  the  investigation.  What  is 
written  in  this  paper,  therefore,  may  not  apply  to  every  situation.  Suggestions  by  this  writer  have  been 
kept  intentionally  rather  general  in  order  to  serve  as  a  framework.  Flexibility  and  improvisation  within 
this  given  framework  are  essential. 

THE  INVESTIGATION 
At  the  Crash  Site 

The  flight  surgeon  who  first  arrives  at  the  scene  of  an  aircraft  accident  has,  as  his  primary 
responsibility,  the  medical  care  of  any  survivors.  Once  this  is  done,  however,  and  the  responsibility  for 
patient  care  has  been  assumed  by  other  physicians,  attention  should  then  be  focused  upon  starting  the 
medical  portion  of  the  accident  investigation.  Even  if  the  on-site  flight  surgeon  is  uncertain  as  to 
whether  or  not  he  will  be  appointed  to  the  board,  he  must  still  begin  at  once.  This  collected  preliminary 
data  can  always  be  given  to  any  other  medical  officer  that  might  subsequently  be  appointed  to  the  board. 

At  the  crash  site,  the  flight  surgeon  may  well  discover  invaluable  evidence  in  his  inveatJg»'",.on. 

For  this  reason,  nothing  should  be  moved  or  removed  at  the  accident  site  until  the  accident  board  members 
have  had  ample  time  to  fully  comb  the  area  and  to  photograph  the  entire  site  as  well  as  any  portion  of 
the  wreckage  which  may  be  germane  to  the  investigation.  Of  particular  interest  to  the  flight  surgeon  are: 
the  extent  and  cause  of  injury/death;  and  the  employment  and  function  of  the  egress  system  and  life 
support  equipment.  Because  flying  organizations  may  have  many  types  of  aircraft,  each  with  its  own 
iyatenis,  the  flight  surgeon  must  tailor  his  Investigation  accordingly.  Consultation  with  egress 
specialists  and  life  support  personnel  at  the  crash  site  is  highly  desirable. 

Escape  from  aircraft  can  be  by  ground  egress,  bailout,  ejection,  or  by  capsule.  In  general,  a  large 
percentage  of  military  accidents  involve  aircraft  with  ejection  seats.  However,  regardless  of  the  escape 
system  at  the  type  of  aircraft,  there  are  established  procedures  let  emergency  escape  with  which  the  eiew 
must  be  intimately  familiar.  Therefore,  the  flight  surgeon  must  fully  investigate  every  detail  of  the 
escape  sequence,  paying  particular  attention  to  its  function  and  to  crew  discipline,  i.c.,  did  the  crew 
follow  established  procedures  during  the  escape? 
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Plight  surgeons  will  be  challenged  to  determine  causes  of  injury/death.  Factors  to  be  considered  are 
decelerative  forces,  use  of  restraints,  injury  by  fixed  or  flying  objects,  and  the  escape  method  and 
sequence.  Useful  information  in  the  analysis  is  the  position  of  bodies  or  parts  thereof  in  reference  to 
the  wreckage  and  the  ejection  seat,  Distances  and  directions  should  be  noted  and  recorded  on  a  large 
scale  map.  By  meticulous  attention  to  detail,  injury  patterns  and  causes  of  death  can  often  be 
ascertained. 

To  give  a  few  examples,  if  a  pilot  with  multiple  injuries  was  found  one  mile  from  the  crash  site  with 
a  fully  deployed  but  partially  burned  parachute,  it  then  becomes  a  distinct  possibility  that  the  aircraft 
was  on  fire  prior  to  the  crash  and  that  the  pilot's  parachute  was  burned  sometime  during  the  ejection 
sequence  ultimately  causing  death.  This  information  not  only  helps  the  flight  surgeon  explain  the  cause 
of  Injury/death,  but  it  may  also  be  important  to  other  board  members  who  are  trying  to  determine  what 
type  of  malfunction  occurred  in  flight. 

Or,  if  a  pilot  was  found  with  a  severe  skull  fracture  and  the  pilot's  helmet  was  located  a  half-mile 
from  the  crash  site,  it  would  be  reasonable  to  assume  that  fatal  injuries  were  incurred  because  of 
helmet  loss  sometime  during  the  escape  sequence.  But  why  was  the  helmet  lost?  Was  it  due  to  high  Q 
forces?  Or  because  the  pilot  had  not  fastened  the  chin  strap?  Perhaps  other  squadron  members  may  relate 
that  the  deceased  frequently  flew  with  the  chin  strap  unfastened.  Was  this  carelessness  the  cause  of 
death  and,  if  so,  what  could  the  flight  surgeon  do  to  prevent  recurrence? 

For  ejection-seat  aircraft,  the  flight  surgeon  must  analyze  in  detail  the  ejection  sequence  from  the 
time  the  decision  was  made  to  eject  until  the  pilot  reached  the  ground.  However,  because  of  the  complexi¬ 
ty  of  ejection-seat  firing  and  sequencing,  egress  specialists  should  be  consulted.  Questions  to  be 
addressed  are:  Did  the  aircrewmember  properly  utilize  the  egress  system’’  Did  it  function  as  it  was 
supposed  to?  Are  there  recommendations  for  improvement?  Many  of  the  answers  to  these  questions  are 
frequently  found  at  the  crash  site.  As  examples,  if  the  flight  surgeon  finds  that  the  ejection  seat 
handle(s)  had  not  been  pulled,  this  is  good  evidence  that  either  the  pilot  did  not  attempt  ejection  or 
that  he  waa  incapacitated  prior  to  ground  impact.  Or,  if  the  handle(s)  had  been  pulled,  but  there  was  no 
ejection,  a  faulty  egress  system  ia  suspect.  These  are  only  a  few  examples  of  an  infinite  variety  of 
circumstances  with  which  the  flight  surgeon  miftht  be  confronted.  By  consultation  with  an  egress 
specialist,  these  and  other  such  problems  can  often  be  solved. 

Survivors 

Many  experienced  flight  surgeons  feel  that  the  investigation,  particularly  interviewing  the  crew, 
should  be  started  as  soon  an  possible.  Although  a  natural  and  we_l  meant  inclination  is  to  wait  until 
the  next  day  to  allow  the  crew  to  settle  down  physically  and  emotionally,  it  is  advisable,  if  at  all 
possible,  to  forego  this  temptation.  If  the  crew  interviews  are  postponed,  it  is  possible  that  the 
survivors  might  forget,  ignore,  or  even  attempt  to  hide  or  distort  some  small,  but  extremely  important 
details  of  the  accident  sequence. 

Aircrewmembers,  even  those  who  have  no  apparent  injury  should  be  taken  limnediately  by  the  flight 
surgeon  the  hospital  for  a  complete  physical  examination  including  appropriate  x-ray  and  laboratory 
studies.  There  are  several  cogent  reasons  for  taking  the  survivors  immediately  to  the  medical  facility: 
to  determine  extent  of  injuries  and  to  begin  treatment;  to  extricate  the  crew  from  a  chaotic  crash  site; 
and  to  begin  the  interviews. 

Aircrewmembers  who  think  they  are  not  hurt  are  often  found  to  have  injuries.  Therefore,  an  examina¬ 
tion  as  soon  as  possible  is  mandatory.  For  example,  many  pilots  who  have  ejected  from  high-performance 
aircraft  and  have  experienced  no  back  pain  have  been  found  to  have  compression  fractures  of  the  thoracic- 
lumbar  vertebra.  One  study  indicated  that  102  of  crewmembers  who  eject  will  sustain  such  an  injury.^ 

In  any  event,  the  flight  surgeon  must  then  initiate  whatever  treatment  is  necessary  and  must  also  decide 
whether  or  not  there  arc  medical  reasons  for  temporary  (or  possibly  permanent)  removal  from  flying  status. 

Another  reason  for  taking  the  crewmembers  quickly  to  the  hospital  is  to  remove  them  from  the  tumult 
and  excitement  at  the  crash  site  which  very  quickly  will  attract  a  multitude  of  people,  unofficial  as  well 
as  official,  Vtell  tieai.ifig  eoraWiHteM-,  life  suppcil  and  flying  sMtv*  personnel,  talnienanea  personnel, 
and  others,  in  their  haste  to  learn  the  circumstances  of  the  accident,  will  frequently  deluge  the  air- 
\  crewmembers  with  questions.  This  is  not  good  practice  since  it  not  only  delays  medical  care  of  the 
survivors,  but  also  subjects  them  to  answering  verv  important  questions  in  an  atmosphere  of  excitement 
and  tension.  Suggestions  made  by  these  people  may  lead  to  distortion  of  the  memories  of  the  aircrew  as 
to  what  actually  happened.  The  flight  surgeon  is  in  a  position  to  extricate  politely  and  legitimately 
the  aircrewmembers  in  order  to  take  them  to  the  hospital.  Once  the  medical  examination  is  complete  and 
treatment  rendered,  other  officials  can  be  given  access  to  the  crews  in  a  much  more  controlled  and 
comfortable  hospital  environment . 

Although  the  flight  surgeon  haa  the  crewmembers  in  the  hospital  primarily  for  medical  evaluation  and 
treatment,  he  incidentally  has  the  luxury  of  beginning  his  portion  of  the  investigation  in  the  quietness 
and  ptiu&cy  cl  Hie  '.lllrr  or  *ati,  Onrc  the  cl  the  rtew  v.sv*  add utv?  and  l He  situa¬ 

tion  has  somewhat  settled,  the  best  technique  is  lo  have  each  crewmember  dictate  (using  a  cassette 
recorder)  the  history  of  flight  and  the  events  leading  up  to  the  crash  (or  ejection).  In  this  way,  with 
the  details  fresh  in  mind  the  aircrew  can  give  statementa  which  the  flight  surgeon  will  have  available  to 
the  board.  This  can  be  invaluable,  not  only  for  the  flight  surgeon,  but  also  for  the  other  members  of  the 
board.  The  crewmember  can  provide  a  much  better  history  of  flight  if  it  is  recorded  in  the  quietness  of 
the  flight  surgeon's  office  as  soon  as  reasonably  possible  after  the  accident. 

Because  the  flight  surgeon  ia  very  concerned  with  human  factors,  he  should  fully  investigate  the 
preaccident  behavior  and  environment  of  the  aircrew.  In  order  to  do  thia,  the  crew  must  provide  a  detailed 
72-hour  preaccident  hiatory  of  their  activities.  Of  particular  relevance  during  that  time  is  the  eating, 
drinking,  and  aleeplng  history.  A  variety  of  questions  come  to  mind.  Did  the  pilot  have  a  good  night’s 
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sleep  the  night  before  the  accident?  Was  the  pilot  under  any  particular  stress  because  of  family  or 
financial  problems?  Had  the  pilot  been  drinking  excessively  during  the  past  few  days?  For  example,  it 
is  quite  possible  that  the  crewmember  had  a  serious  family  problem  and  was  feeling  depressed  and  unable 
to  sleep  well  for  several  days.  Perhaps  the  pilot  had  taken  several  sleeping  tablets  borrowed  from  a 
friend  the  night  before  the  accident  and  was  not  in  very  good  condition  to  fly  the  following  day.  Such 
information  can  only  be  ascertained  by  an  aggressive  flight  surgeon  who  investigates  in  detail  the 
environment  of  the  crew.  Not  only  must  this  72-hour  history  be  taken  from  crewmembers,  but  also  from 
their  family,  friends,  and  squadron  mates  who  were  with  them  during  that  three-day  period.  And  it  should 
be  Investigated  for  aircrew  fatalities  as  well  as  for  survivors. 

In  addition,  the  medical  records  of  all  crewmembers  Involved  in  an  accident  should  be  carefully 
reviewed  by  the  investigating  flight  surgeon.  These  records  might  reveal  that  the  crewmember  was  flying 
with  a  preexisting  illness  or  perhaps  was  prescribed  medication.  If  so,  was  this  a  contributing  factor? 
Should  the  crewmember  have  been  flying  at  this  time?  It  is  also  of  interest  to  ascertain  whether  or  not 
the  individual  was  flying  with  a  medical  waiver  for  a  static  illness.  And  if  so,  could  the  accident  have 
been  caused  by  some  Indisposition  attributable  to  the  waived  condition? 

X-Ray  and  Laboratory  Studies  of  Survivors 

Special  studies  are  an  integral  part  of  the  investigation.  This  Includes  x-rays  and  clinical  labora¬ 
tory/toxicological  determinations  on  the  survivors  and  decedents  (this  section  discusses  survivors  only; 
see  below  for  decedents) .  X-rays  of  the  spine  are  mandatory  on  all  aircrewmembers  who  had  ejected  from 
or  balled  out  of  an  aircraft.  It  should  not  be  forgotten  that  approximately  10*  of  crewmembers  who  eject 
sustain  compression  fractures  usually  of  the  lower  thoracic  and  lumbar  vertebra.  Frequently  these 
fractures  caust.  little  ot  no  pain  and  cannot  be  detected  clinically. 

In  addition  to  x-ray  studies,  blood  and  urine  specimens  should  also  be  obtained  and  sent  tc  the 
laboratory.  The  purpose  of  these  tests  is  not  only  for  investigation,  but  also  for  detection  of  possible 
underlying  disease  that  may  have  contributed  to  the  accident.  Laboratory  tests  reconmended  include  CBC, 
catboxyhemoglobin,  blood  alcohol,  blood  glucose,  urinalysis,  lactic  acid,  and  a  drug  screen.  These  tests 
may  detect  conditions  of  potential  significance  such  as  anemia,  infection,  carbon  monoxide  inhalation, 
hypoglycemia,  and  diabetes.  Blood  alcohol  and  drug  screening  tests  Bhould  also  be  ordered  as  a  routine. 

Is  la  very  strongly  recommended  that  laboratory  request  forms  be  marked  MAJOR  AIRCRAFT  ACCIDENT  in 
bold  print  to  be  sure  that  they  are  not  lost  and  that  the  laboratory  1b  aware  of  the  importance  of  these 
studies.  For  these  reasons,  the  medical  inves' igator  should  coordinate  this  with  laboratory  personnel 
well  in  advance.  It  is  also  most  wise  to  retain  in  appropriate  storage  second  aliquot  specimens  in  case 
cf  loss  of  the  original.  All  lab  studies  should  be  reported  aa  soon  as  possible  end  the  results  entered 
on  the  accident  investigation  form.  If  a  lab  reault  is  abnormal,  the  flight  surgeon  must  determine  why 
and  whether  or  not  the  abnormality  was  a  causal  or  contributory  factor  to  the  accident. 

Noncrew  Members 

The  medical  investigation  is  not  necessarily  confined  to  the  aircrew  Itself.  There  have  been  accidents 
in  which  other  support  personnel  have  either  contributed  to  or  caused  the  mishap.  For  exa-iple,  an  accident 
could  occur  because  of  an  error  by  air  traffic  controllers,  maintenance  personnel,  or  supervisors.  This 
possibility  must  be  considered  and,  if  necessary,  suspect  noncrew  members  are  then  interviewed.  As  a  hypo¬ 
thetical  exatple ,  an  air  traffic  controller  may  have  given  an  aircrew  faulty  or  erroneous  it^utmatlui 
which  resulted  in  a  crash.  Possibly  the  controller  had  taken  antihistamines  for  a  cold  or  had  not  slept 
properly  for  the  last  several  days  and  was  not  alert  during  duty.  Or,  perhaps  maintenance  personnel  had 
worked  long  hours  because  of  operational  necessity  and  left  a  tool  in  the  engine  resulting  in  damage  and 
serious  malfunction.  Again,  an  Infinite  variety  of  scenarios  are  possible  and  should  always  be  suspect 
by  the  flight  surgeon. 

On  occasion,  the  flight  surgeon  may  need  to  Interview  witnesses.  For  example,  It  Is  possible  that 
somebody  had  seen  the  crash  or  had  seen  the  ejection  sequence.  Such  an  on-site  observer  can  provide  the 
Investigation  board  with  very  valuable  information.  Host  often,  such  witnesses  see  called  before  the 
entire  board  so  all  Its  members  may  have  the  opportunity  to  ask  questions. 

Survival  and  Rescue 

The  flight  surgeon  with  life  support  and  survival  consultants  must  also  investigate  the  employment  and 
function  of  all  life  support/survival  equipment ,  Although  this  equipment  varies  considerably  from  air¬ 
craft  to  aircraft,  It  generally  Includes  parachutes,  life  preservers  and  rafts,  and  survival  kits  with 
such  items  as  radios,  beacons,  flares,  and  first-aid  kits.  Much  of  this  equipment  is  vital  not  only  for 
escape,  but  also  for  survival  and  rescue.  Did  the  crew  use  any  of  this  equipment  and  did  they  use  it 
properly?  Did  everything  function  as  advertised?  And  if  not,  why  not?  What  can  be  recommended  for 
Improvement? 

It  muat  not  be  forgotten  that  the  accident  sequence  includes  survival  and  rescue  events  and  should  be 
investigated  accordingly.  Although  most  downed  crewmembers  are  rescued  within  hours,  there  is  always  the 
possibility  that  crews  would  have  to  survive  in  a  hostile  environment  for  days.  All  of  these  factors  must 
be  analyzed  in-depth  by  interviewing  survivors  including  those  who  took  part  in  any  rescue  operations. 

Any  discrepancies  should  be  included  in  the  final  report  with  recommendations  for  correction. 

Fatalities 

An  autopsy  must  be  done  on  each  alrcrewmember  fatally  injured.  This  autopsy  Is  essential  since  gross 
and  mlciosvof.lt  e*em lost Ions  often  give  clues  not  only  of  eantee  of  ieeth/ injury ,  but  elec  of  pteenleilng 
disease  heretofore  undetected,  e.g.  coronary  artery  disease,  which  may  have  contributed  to  or  caused  the 
accident.  It  ia  in  the  best  interests  of  the  investigation  board  if  an  Air  Force  pathologist  performed 
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the  autopsy  since  he  is  familiar  with  military  autopsy  procedures  and  requirements.  Furthermore,  it 
facilitates  consultation  with  the  investigating  flight  surgeon,  which  is  necessary  since  injury  patterns 
can  be  best  determined  by  Integrating  the  pathologist's  knowledge  and  the  flight  surgeon's  knowledge  of 
the  aircraft  and  its  escape  systems. 

In  some  cases,  identification  of  bodies  may  be  very  difficult  because  of  severe  trauma  or  because  of 
a  large  number  of  fatalities.  If  such  a  problem  exists,  the  flight  surgeon  has  several  recourses.  Because 
teeth  are  usually  not  destroyed  in  even  severe  accidents,  dental  surgeons  can  determine  identity  by  com¬ 
paring  the  deceased’s  dental  records  with  the  teeth  found.  Also,  fingerprints  and  footprints  can  be 
used  for  identification.  Even  in  accidents  in  which  the  hands  and  fingers  are  destroyed,  the  feet  remain 
intact  because  of  protective  flying  boots  (some  flying  organizations  maintain  footprints  of  all  aviators). 
If  there  are  so  many  fatalities  that  the  base  pathologists  are  inundated,  assistance  must  be  requested 
through  the  chain  of  command, 

Autopsy  studies  must  be  done  as  soon  as  possible  after  an  accident  since  decomposition  results  in  the 
formation  of  ethanol  and  aldehydes  which  invalidate  toxicological  studies.  Embalming  procedures,  if  done 
prior  to  toxicological  studies,  will  also  invalidate  them. 

As  part  of  the  autopsy,  the  pathologist  must  secure  tissue  and  biological  specimens  for  toxicological 
analysis  since  these  may  reveal  very  important  information  for  the  medical  investigator.  Tissue  specimens 
should  include,  if  possible,  150-250  grams  of  liver,  brain,  kidney,  lung,  and  marrow,  each  of  which  should 
be  placed  in  a  labeled  plastic  bag  and  mailed  in  dry  ice  to  the  appropriate  laboratory.  Do  not  use 
chemical  preservatives  since  they  can  invalidate  various  studies.  Properly  packed,  this  permits  a  transit 
time  of  24  to  a  maximum  of  72  hours.  If  available,  blood,  urine,  and  stomach  contents  should  be  packed 
and  shipped  in  the  same  manner.  Toxicological  studies  on  tissue  and  biological  specimens  should  include 
carboxyhemoglobin,  alcohol,  lactic  acid,  and  drug  screen. 

In  the  event  of  fatalities,  it  is  also  recomnend  to  x-ray  the  entire  body.  Sometimes  Important  clues 
and  unexpected  injuries  are  revealed,  such  as  the  presence  of  foreign  bodies  or  projectiles  which  other¬ 
wise  would  have  remained  undetected. 


HUMAN  FACTORS 

Over  the  years,  accident  investigation  seems  to  have  placed  lt3  major  emphasis  upon  maintenance  and 
design  deficiencies,  malfunction,  and  adverse  environmental  conditions.  Although  "pilot  error"  was  also 
recognized  as  a  causative  factor  of  accidents,  it  was  often  not  investigated  in  great  depth  probably 
because  it  had  been  so  ill-defined.  However,  we  have  now  reached  a  point  where,  because  of  advanced 
technology  and  sophisticated  maintenance,  most  accidents  are  due  to  "pilot  error" — a  term  which  has  been 
replaced  by  human  factors — rather  than  to  hardware. 

Human  factors  have  bean  wwil  defined  and  arc  now  given  due  cirwl derat loo  by  Investigating  flight 
surgeons.  Among  them  are  supervisory,  experience/training,  man-machine  Interface,  communication,  and 
psychophysiological  factors.  Although  we  may  know  what  human  factors  are,  we  still  are  far  from  learning 
how  or  why  they  cause  accidents.  For  example,  can  one  attribute  with  certainty  that  a  short  landing 
was  due  to  a  pilot's  lack  of  txpet tenee?  0*,  wag  a  wror.g  procedure  f alloyed  because  a  pll<>t  wat-  dlstf acted 
by  personal  problems,  channelized  attention,  or  task  saturation?  These  and  other  similar  questions 
challenge  the  flight  surgeon  in  his  role  as  an  investigator. 

Although  the  significance  of  human  factors  in  any  accident  most  often  eludes  certainty,  the  flight 
surgeon  must  not  alley  this  to  discourage  hi*.  Full  effort  must  be  given  to  elucidate  arid  define  tViOse 
factors  so  as  to  permit  reasonable  presumptions  as  to  their  role  in  the  accident  sequence.  This  can  be 
done  in  part  by  interviewing  not  only  the  survivors,  but  also  any  other  individuals,  such  as  supervisors, 
maintenance  personuel,  and  air  traffic  controllers  who  were  involved  in  any  way  with  the  crew.  Perhaps 
the  single  most  Important  facet  of  the  human  factors  investigation  is  the  72-hour  preflight  history  of 
each  crewmember.  The  flight  surgeon,  in  eliciting  this  history,  should  reconstruct  chronologically  all 
activities  of  the  crew  for  the  preceding  72  hours.  This  would  include  not  only  documentation  of  meals, 
alcohol  intake,  sleeping,  and  working,  but  alJ  activities  during  off-duty  as  well.  This  information 
should  be  obtained  from  the  crpw  as  well  as  from  their  family,  friends,  and  other  squadron  members.  This 
detailed  personal  history  can  reveal  much  important  information  which  might  have  had  a  bearing  on  the 
accident. 


DOCUMENTATION  OF  INFORMATION 

Because  the  circumstances  of  aircraft  accidents  can  vary  infinitely  and  the  number  of  aircrewmembers 
vary  from  aircraft  to  aircraft,  the  flight  surgeon  cannot  be  held  to  a  rigid  modus  operand!  in  his 
investigation.  Therefore,  the  flight  surgeon  must  tailor  the  investigation  and  the  completion  of  the 
accident  investigation  form  according  to  the  circumstances  of  the  accident.  With  experience,  most  flight 
surgeons  will  develop  a  style. 

The  most  important  part  of  the  flight  surgeon's  investigation  report  is  the  section  dealing  with 
analysis,  r  >>r  luslur.s,  and  racoTtmeodar Ions.  Any  reasonable  format  an?  style  ate  acceptable  ae  long  se 
the  information  is  clear,  complete,  and  accurate.  One  suggested  format  follows: 

a.  A  short  description  of  the  events  laading  up  to  the  accident. 

b.  A  short  description  of  the  crew  to  Include  such  information  as  crew  position  and  prior  flying 
experience. 

c.  A  chronological  account  of  activities  of  each  crewmember  for  the  previous  72  hours. 
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d.  A  complete  analysis  of  the  accident,  egreaa,  survival,  and  rescue.  Pertinent  Information 
included  in  all  portions  of  the  accident  inveatigation  form  should  bo  discussed  in  detail  with  particular 
attention  to  problems  encountered,  malfunction,  etc.  Cover  all  discrepancies  regardless  of  their  rele¬ 
vancy  to  the  accident. 

e.  Describe  all  medical  considerations,  i.e.,  presence  of  diaeaae,  medical  waivers,  lab  and 
x-rsy  studies,  and,  if  applicable,  relevant  portions  of  the  autopsy  report. 

f.  Conclusions  bssed  upon  the  aforementioned  narrative. 

g.  Recommendations  for  correction  of  any  deficiencies. 

Once  the  flight  surgeon  haa  finalized  his  report,  particularly  the  concluaiona  and  recommendations, 
there  should  be  established  procedures  for  review  by  competent  authority  and  then  action  for  the 
correction  of  any  deficiencies — the  latter  ia  really  the  raison  d'etre  of  aircraft  accident  investigation 
and  that  is  to  correct  deficit rcies  in  order  to  prevent  another  accident.  Furthermore,  it  ia  advisable 
to  have  a  repository,  computerized  if  possible,  of  all  aircraft  accident  inveatigation  data.  By 
epidemiological  studies  of  the  data,  it  would  be  possible  to  discern  various  trends  aa  well  aa  to  retrieve 
information  which  could  be  useful  to  investigatora. 
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MEDICO  LEGAL  ASPECTS  OF  THE  PATHOLOGICAL  INVESTIGATION 

Professor  J.K.  Mason, 

Regius  Professor  of  Forensic  Medicine, 
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SUMMARY 


The  medico  legal  aspects  of  aircraft  accidents  are  described 
from  the  viewpoint  of  a  major  international  airline  disaster 
as  it  is  in  such  a  situation  that  the  problems  are  maximal ised. 

The  importance  of  identification  of  cadavers  both  in  the  legal 
field  and  in  accident  investigation  is  stressed.  The  pathologist 
should  address  himself  to  certain  problems  which  are  likely  to 
arise  in  relation  to  who  was  in  control  of  the  aircraft,  is  there 
any  evidence  of  negligence  and,  if  so,  on  whose  part  and, 
particularly,  did  alcohol  play  a  part?  Insurance  problems  in 
passengers  are  discussed  and  mention  made  of  the  very  specific 
problem  of  aviation  -  simultaneous  death.  The  investigation  for 
criminal  activity  is  outlined,  particular  emphasis  being  placed  on 
radiology.  In  view  of  the  importance  to  individual  families  of 
many  of  these  questions,  a  plea  is  made  for  standardisation  of 
techniques  throughout  the  world. 


Medico  legal  systems  vary  from  country  to  country  -  even  within  the  United  Kingdom 
we  have  two  distinct  types  of  organisation.  But,  essentially,  all  primary  systems 
have  it  in  common  that  their  function  is  to  establish  who  is  dead  and  from  what  cause 
did  they  die.  In  some  states  -  eg.  in  Scotland  under  the  Procurator  Fiscal  -  the 
same  authority  is  responsible  not  only  for  establishing  this  basic  knowledge  but  also  for 
follow  up  investigations  involving  the  police.  But,  even  when  this  is  the  case,  the 
investigation  ceases  when  criminality  is  excluded. 

It  follows  that  the  medico  legal  officers'  interest  -  and  the  involvement  of  their 
medical  advisors  -  following  a  fatal  accident  is  only  rarely  concerned  in  the 
intrica.  .es  of  how  the  conditions  causing  death  came  about.  Moreover,  they  will  take  no 
direct  responsibility  for  the  settlement  of  civil  legal  problems  -  negligence  is  a 
matter  to  be  fought  out  in  the  Courts  between  the  principals,  the  payment  of  insurance 
claims  is  to  be  negotiated  between  the  parties  and  so  on.  The  medico  legal 
investigation  will,  or  ought  to,  provide  the  basic  information  from  which  to  argue  but 
it  will  do  no  more.  Now,  I  have  made  it  clear,  I  hope,  that  the  science  of  aircraft 
accident  investigation  is  a  matter  for  experts  and,  if  we  are  going  to  claim  this 
expertise  and,  to  a  large  extent,  take  over  the  medico  legal  autopsy,  then  we  must  also 
accept  responsibility  for  providing  other  interested  parties  with  such  information  as 
they  need.  Anu  because  we  are  investigating  in  depth,  one  would  hope  that  this 
information  would  be  equally  detailed.  I  therefore  think  very  firmly  that  the  aviation 
pathologist  must  be  aware  of  his  legal  commitment  and  of  his  likely  involvement  with 
the  Courts. 

But  we  must  accept  that  the  medico  legal  authority  has  the  first  and  last  word 
as  to  what  shall  be  done  with  a  body  which  ias  died  unnaturally;  his  is  the  overriding 
power.  Moreover,  since  many  jurisdictions  have  some  policy  concerning  the  public 
interests  and  the  prevention  of  repetition  of  an  accident,  the  primary  authority  may 
have  a  primary  interest  in  the  accident  investigation.  It  follows  that  the 
investigator's  pathologist  may  be  in  an  ambiguous  position.  Ideally,  the  medico  legal 
authority  will  actually  employ  him  as  being  the  most  suited  man  for  the  job  and  this 
very  often  happens  -  it  largely  depends  on  whether  the  individuals  or  organisations 
concerned  have  proved  their  worth.  But  sometimes  there  are  two  medical  teams  working 
and,  in  this  case,  one  can  only  say  that  they  are  working  to  the  same  end  and  using  the 
same  methods;  they  must  work  together  and  there  is  no  reason  why  they  should  not.  In 
the  event  of  a  najor  passenger  transport  accident,  the  situation  may  be  further 
complicated.  Several  organisations  -  including  the  country  of  registration,  the 
state  of  manufacture  and  a  state  having  a  special  interest  by  reason  of  its  nationals 
having  been  killed  -  are  entitled  to  send  accredited  representatives  to  the 
investigation;  these  may  be  accompanied  by  their  experts  and  there  is  no  reason  why 
they  should  not  include  medical  experts.  Thus,  the  major  international  incident 
requires  the  greatest  degre  of  cooperation  in  the  human  factors  field.  It  also  provides 
the  most  problems  and,  for  these  reasons,  I  propose  to  concentrate  or  the  transport 
aircraft  disaster;  everything  I  say  can  be  extrapolated  to  the  smaller  or  single  seat 
aircraft,  and  to  both  civilian  and  military  personnel  but  it  will  apply  on  a  more 
limited  scale. 


Identification 


In  the  absence  of  proof  of  death,  probate  cannot  be  granted  for  execution  of  wills, 


10-2 


insurance  policies  cannot  be  paid  and  partnerships  cannot  be  dissolved.  In  addition, 
switching  of  tickets  is  now  so  widespread  that  the  accuracy  of  a  passenger  manifest 
cannot  be  guaranteed.  Identification  is,  therefore,  a  pre-requisite  of  the  medico 
legal  investigation. 

All  police  officers  are  trained  in  the  value  of  visual  identification  and  most  will 
distrust  any  other  method.  However,  in  aircraft  accidents  disfigurement  and 
dismemberment  are  common  and,  if  not  present,  are  often  replaced  by  severe  burning. 
Moreover,  the  circumstances  of  a  major  disaster  are  conducive  to  false  personal 
assessments.  It  is  everyone's  experience  that  visual  identification  is  suspect  in 
these  conditions  and  that  it  is  better  to  employ  other,  more  objective  means.  This 
is  acceptable  because,  within  limitations,  one  is  not  attempting  an  identification 
de  novo;  the  process  is  simplified  because  one  is  trying  to  isolate  an  individual  from 
a  number  of  persons  whose  group  identity  is  known  with  some  certainty.  On  the  other 
hand,  circumstantial  evidence  is,  itself,  suspect  and  the  arm  of  coincidence  is 
astonishingly  long;  it  is  therefore  strongly  recommended  that,  whenever  possible, 
identification  by  one  means  should  be  corroborated  by  another. 

With  these  considerations  in  mind,  the  most  useful  means  have  been  found1: 

(a)  Documents.  Airline  pssengers  are  exceptionally  well  documented.  On 
the  other  hand,  documents  are  easily  burnt;  they  are  virtually  useless 
for  the  identification  of  women  who  get  separated  from  their  handbags; 
and  they  are  easily  interchanged. 

(b)  Clothing  is  often  readily  recognisable  but  specificity  suffers  from  the 
widespread  use  of  chain-store  articles. 

(c)  Jewellery  has  the  advantage  of  being  fire  resistant  and  articles  such  as 
signet  rings  are  unmistakable.  Frequent  amputations  limit  the  value  of 
jewellery  but,  even  so,  it  can  provide  evidence  that  a  person  is  dead  even 
if  the  whole  body  cannot  be  identified. 

(d)  Medical  findings  include  simple  observations  such  as  the  presence  of 
scars,  birth  marks  etc.  The  results  of  operation  may  have  to  be  sought 
internally  and  constitute  a  good  r«Bon  for  autopsy.  Surgical  prostheses 
may  be  recovered  and  positively  identified.  The  more  uncommon  an 
abnormality  or  surgical  operation,  the  more  useful  is  the  finding  in 
positive  identification.  Tattoos  may  be  useful,  particularly  for 
photography  to  show  to  relatives,  but  it  should  be  remembered  that  many 
of  the  designs  used  are  very  standardised  and  are  unlikely  to  be  unique. 

(e)  Fingerprints  are  often  damaged  in  a  post-crash  fire  but,  when  present, 
they  are  very  good  evidence  of  identification,  fully  acceptable  to  the 
Courts,  in  countries  where  they  are  widely  recorded  -  eg.  the  USA.  Even 
when  this  is  not  so  -  eg.  in  the  UK  -  it  may  be  possible  to  compare  the 
prints  obtained  with  those  on  the  personal  belongings  of  the  suspected 
Identification. 

X-rays  are  invaluable  in  the  identification  process  as  almost  everyone  has  had  an 
x-ray  examination  in  life  with  which  to  compare  a  post-mortem  record.  X-rays  may 
reveal  undiscovered  objects  in  the  cadaver  which  can  then  be  recovered;  they  can 
provide  comparative  identification  through  the  medium  of  normal  structures  -  eg.  the 
frontal  sinuses;  they  can  compare  abnormalities  such  as  calcified  tuberculous  glands; 
they  can  reveal  prostheses  which  can  be  compared  or  recovered;  and  comparative  dental 
x-rays  may  be  as  convincing  evidence  of  identification  as  are  comparative 
dactylographs. 

Dental  identification 

The  role  of  the  dentist  in  the  identification  of  mass  casualties  is  so  important  as 
to  warrant  separate  consideration.  The  reader  is  referred  to  the  outstanding  study  by 
Stevens2.  The  teeth  are  fire  resistant.  They  may  be  intact,  diseased,  conserved 
with  various  substances,  missing,  removed  or  replaced.  Bridges  and  dentures  may  be 
characteristic  or  marked  with  an  identifying  name  or  number.  The  odontogram  should, 
therefore,  be  virtually  unique  -  particularly  in  the  context  of  the  'known  group'. 

There  are,  however,  certain  difficulties  as  regards  dental  identification: 

(a)  There  must  be  some  conservation  work  or  abnormality  on  which  to  base 
a  diagnosis. 

(b)  Some  teeth  will  often  be  lost  in  the  trauma  of  the  accident. 

(c)  Dental  charts  are  very  rarely  absolutely  accurate  particularly  as 
to  updating.  Therefore,  when  accepting  a  dental  identification, 
one  almost  always  has  to  accept  what  are  known  as  'compatible 
inconsistencies' . 

(d)  There  is  no  internationally  accepted  standard  of  correlation  as  is 
laid  down  in  fingerprinting. 
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As  a  result,  it  is  often  possible  only  to  make  a  dental  identification  'as  a 
reasonable  medical  and  scientific  probability1 .  As  stated,  however,  the  use  of  ante- 
and  post-mortem  dental  x-rays  may  provide  incontrovertible  evidence  of  positive 
identification. 

The  organisation  for  identification  in  a  major  disaster. 

The  organisation  has  been  fully  described  elsewhere1  but,  effectively,  it  involves 
a  secretariat  who  are  rtceiving,  on  the  one  hand,  information  from  relatives,  dental 
practitioners  etc.  in  respect  of  missing  persons  and,  on  the  other,  observations  made 
on  the  bodies  at  the  site,  in  the  laying  out  room  and  in  the  autopsy  room.  It  is 
the  function  of  the  secretariat  to  compare  and  match  these.  The  following  are 
considered  important  points: 

(a)  It  is  essential  to  use  Standardised  data  recording  forms.  The 
use  of  these  has  been  described  by  Stevens3  but  it  may  well  be  that 
computers  may  be  needed  in  the  event  of  a  massive  accident. 

(b)  The  use  of  telex  is  dictated  by  the  international  nature  of  the 
passenger  list  and  the  time  involved  in  collating  information. 

(c)  The  medico  legal  identification  process  must  be  fully  integrated  with 
the  accident  investigation.  This  is  the  subject  of  an  Annex  13 
recommendation. 

It  has  to  be  admitted,  however,  that  on  occasion,  the  degree  of  disintegration 
is  such  that  positive  identification  of  bodies  is  impossible.  In  these  circumstances , 
the  best  that  can  be  done  is  to  try  to  provide  evidence  that  given  persons  are  dead  - 
this  is  a  matter  of  collecting  as  many  Jaws,  passports  and  other  personalised 
belongings  which  will  provide  presumptive  evidence  of  death  as  is  possible. 

Civil  igal  Issues 


Responsibility 

The  question  of  which  pilot  was  at  the  controls  at  the  time  of  the  accident  may 
be  of  great  importance.  An  examination,  including  x-ray,  of  the  hands  and  feet  may 
give  valuable  clues4. 

Negligence 

The  possibility  of  negligence  is  bound  to  come  up  after  any  accident  and  this  may 
extend  to  the  manufacturer  of  maintainer  of  the  aircraft,  to  those  employing  the  pilot 
and  to  the  pilot  himself. 

There  is  little  the  pathologist  can  do  under  the  first  heading  unless  a  mechanical 
defect  is  clearly  shown  by  autopsy  as  described  in  the  first  lecture.  It  is  possible 
that  the  demonstration  of  carbon  monoxide  intoxication  might  disclose  a  maintenance 
abnormality;  such  cases  are  rare  but  are  dramatic  when  they  occur6. 

The  most  important  feature  as  to  the  employers'  negligence  rests  upon  the  fitness 
of  the  pilot.  If  disease  is  discovered  at  autopsy  and  is  considered  to  have  been 
causative  of  or  contributory  to  the  accident,  it  may  well  be  that  the  employers  are 
responsible  but  there  is  no  strict  liability;  there  will  be  no  negligence  if  the 
illness  could  not  have  been  diagnosed  or  otherwise  foreseen.  It  fol.U  .  that  very 
considerable  importance  will  be  attached  to  the  extent  and  efficacy  o 1  e-flight  medical 

selection  and  much  of  this  will  be  correlated  with  the  more  subtle  post-mortem  findings. 

A  good  case  is  thereby  made  out  for  the  full  examination  of,  say,  all  killed  pilots' 
hearts;  only  in  this  way  can  the  specificity  and  sensitivity  of  the  electrocardiogram 
in  asymptomatic  persons  be  assessed. 

Alcohol  has  not  been  found  to  be  a  problem  in  commercial  aviation  but  is  very 
considerably  associated  with  fatal  general  aviation  accidents.  If  the  pilot  is 
discovered  to  have  been  intoxicated,  personal  negligence,  and  probably  vicarious 
negligence  on  the  part  of  the  employers,  will  virtually  speak  for  itself.  There  are 
two  features  of  very  great  practical  importance.  Firstly,  it  is  imperative  that 
embalming  is  prohibited  until  any  toxicological  investigation  has  been  carried  out; 
attempts  to  estimate  the  ante-mortem  ethanol  value  in  an  enbalmed  body  are  invariably 
frustrated  when  it  comes  to  interpretation.  Secondly,  there  is  the  vexed  question  of 
post-mortem  production  of  ethanol  by  micro  organisms.  This  is  capricious  in  its 
occurrence6,  but  it  certainly  may  arise,  particularly  if  the  body  has  many  open  wounds. 

As  a  consequence,  every  post-mortem  blood  alcohol  estimation  from  accident  cases  should 
be  backed  by  a  urine  estimation  -  in  normal  circumsances,  the  urine  does  not  putrify 
to  the  same  extent  as  does  blood;  others  have  suggested  a  vitreous  humour  estimation 
as  corroborative  evidence 

One  unusual  feature  of  the  medico  legal  importance  of  alcohol  deserves  mention  in 
passing.  Very  many  people  take  out  personal  accident  insurance  policies  for  relatively 
low  premiums.  Nearly  all  of  these  have  an  alcohol  exclusion  clause  to  the  effect  that 
benefits  are  not  payable  if  the  subject  was  intoxicated  at  the  time  of  death.  There 
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is  no  causative  association  stated.  It  could  be,  therefore,  that  insurance  companies 
might  probably  ask  for  post-mortem  blood  alcohol  results  on  passengers  where,  once 
again,  the  same  two  complications  as  to  interpretation  would  be  of  great  importance. 

Other  legal  and  insurance  problems. 

The  cause  of  death  in  persons  killed  by  negligence  is  of  more  than  academic  or 
investigative  interest.  In  sin  acticn  for  damages,  restitution  for  pain  and  suffering 
will  almost  certainly  be  sought.  The  pathologist  must,  therefore,  make  some  assessment 
of  the  agonal  period  and  of  the  physical  conditions  during  that  time. 

Fitness  is  not  only  a  matter  of  importance  in  the  aircrew;  it  also  has  serious 
conequences  as  to  the  assessment  of  damages  for  all  those  killed.  The  loss  of  a  fit 
young  father  is  clearly  of  greater  financial  significance  to  the  family  than  is  the  loss 
of  one  with  advanced  lymphoma.  Both  the  family  and  the  insurers  are  entitled  to  the 
truth  and,  in  many  cases,  it  will  only  be  the  pathologist  who  can  provide  the  necessary 
data.  There  is,  thus,  a  very  good  case  to  be  made  out  for  autopsy  in  every  accidental 
death  irrespective  of  the  total  number  of  bodies.  But,  at  the  same  time,  it  behoves 
the  pathologist  to  be  aware  of  the  importance  which  may  be  attached  to  some  relatively 
trivial  item  in  his  report.  Thus,  when  concerned  with  the  accident  investigation,  he 
may  write  of  a  passenger  'severe  coronary  atheroma'  and  regard  it  as  of  no 
consequence;  but  it  may  acquire  very  considerable  importance  in  the  context  of 
damages  payable. 

Commorientes 


All  countries  have  some  laws  that  deal  with  the  disposal  of  assets  when  it  appears 
impossible  to  decide  which  of  two  testatory  beneficiaries  died  first  -  commonly  this  is 
a  matter  of  husband  and  wife.  But  whatever  rule  is  applied,  the  presumption  of 
simultaneous  death  is  rebuttable  on  the  evidence  and  much  of  the  evidence  may  be 
pathological.  Moreover,  the  length  of  the  time  one  spouse  survived  the  other  is 
immaterial  -  seconds  are  as  important  in  law  as  are  weeks.  Thus,  the  subject  of 
commorientes  -  or  'dying  together'  -  which  was  once  an  interesting  academic  exercise 
has  now  become  a  serious  practical  problem  which  is  almost  specific  to  aviation;  the 
pathologist  cannot  shrug  off  his  responsibility  in  the  matter. 

Rather  subtle  ways  of  establishing  that  a  casualty  lived  after  a  crash  are 
available  -  in  particular,  the  presence  of  carboxyhaemoglobin  after  exposure  to  fire  or 
the  formation  of  pulmonary  fat  and  bone  marrow  emboli  after  fracture  -  but  these  are  of 
little  value  in  a  comparative  sense7.  What  is  important  is  the  precise  cause  of  death. 

It  is  reasonable  to  suppose  that  a  person  who  has  died  from  burning  in  a  crash  has 
survived  one  who  was  decapitated;  even  so,  in  such  an  example,  the  possibility  of 
decapitation  being  a  heat  induced  artefact  has  to  be  considered. 

Criminality  and  aircraft  accidents 

Criminality  in  aviation  is  not  only  of  importance  in  accident  investigation.  It 
has  further  great  significance  in  civil  matters  in  so  far  as  insurance  liability  passes 
to  the  'war  risks'  underwriters  if  the  accident  can  be  shown  to  be  due  to  criminal 
violence. 

Basically,  the  pathologist's  role  in  criminality  refers  to  illegal  passage, 
hi-jacking  and  sabotage  or  deliberate  destruction  of  the  aircraft. 

The  discovery  of  illegal  passage  is  essentially  a  matter  of  identification.  There 
can  be  no  excuse  for  failure  to  make  any  attempt  at  individual  identifiction  -  but,  at 
the  very  least,  an  accurate  count  of  bodies  must  be  obtained. 

Hi-jacking  can  only  rarely  fall  to  be  diagnosed  after  an  accident  as  there  will 
have  been  communication  between  the  criminals  and  the  ground  in  most  cases. 

Nonetheless,  there  are  times  when  the  unusualness  of  the  accident  suggests  the  possibility 
of  replacement  of  the  pilot,  ti  which  case  the  significant  information  to  be  obtained 
includes: 

(a)  the  discovery  of  a  pattern  of  injuries  in  the  pilot  which  is 
inconsistent  with  the  conditions  on  the  flight  deck. 

(b)  the  presence  of  unusual  injuries  in  the  crew. 

(c)  demonstration  of  the  use  of  firearms,  including  the  interpretation 
of  any  positive  findings. 

By  far  the  most  important  aspect,  however,  is  the  demonstration  of  sabotage. 

This  will  be  strongly  suspected  if  there  is  technical  evidence  of  unexpected  breakup  in 
the  air.  But  many  such  instances  are  designed  to  occur  over  the  sea  and,  in  this  case, 
it  may  be  that  only  bodies  are  available  for  examination;  the  full  onus  then  rests  on 
the  pathologist.  The  following  points  should  be  looked  for: 

(a)  an  unexpected  scatter  of  bodies,  emphasising  the  importance  of  a 
'body  plot' . 
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(b)  An  unusual  pattern  of  injuries,  particularly  one  which  divides  the 
casualties  into  groups  of  differing  severity  of  injury. 

(c)  Evidence  of  anoxia  or  decompression,  including  turbulence  and  rapid 
descent. 

(d)  The  isolation  of  a  target  or  'odd  man  out'. 

(e)  The  discovery  of  bomb  fragments. 

(f)  The  recovery  of  fragments  and  metallurgical  examination. 

The  importance  of  x-ray  examination  in  the  diagnosis  of  criminality  scarcely  needs 
emphasis.  If  hi-jacking  or  sabotage  be  suspected,  radiology  must  be  commenced 
ab  initio  -  all  portions  of  human  remains  being  examined  before  autopsy.  This  is 
expensive  but  the  process  can  be  discontinued  once  suspicions  are  allayed8*9. 

CONCLUSION 


The  legal  inplications  of  the  aircraft  accident  are  as  important  to  the 
pathologist  as  ae  the  investigative  problems.  It  is,  however,  to  be  noted  that  the 
process  of  pathological  study  is  the  same  in  both  cases.  A  thorough  autopsy 
examination  will  reveal  all  the  necessary  answers  and,  above  all,  there  need  be  no 
conflict  of  interests  between  the  medical  advisors  to  the  investigator  in  charge  and 
the  medico  legal  authorities. 

Aircraft  accidents  are,  however,  no  respectors  of  nationality.  They  may  occur 
in  countries  which  have  very  different  laws  and  customs  relating  to  the  disposal  of 
the  dead.  They  may  involve  casualties  from  several  states,  all  of  whom  may  have 
different  approaches  to  the  effects  of  death.  Very  important  issues  may  depend  upon 
the  frthological  investigation  and  much  rests  on  the  depth  of  that  investigation  -  a 
pathologist  who  is  content  with  a  superficial,  external  examination  of  the  bodies  may, 
for  example,  reach  a  completely  different  decision  as  to  simultaneous  death  from  one 
who  has  performed  a  full  autopsy  with  histological  and  toxicological  backup.  There 
is,  therefore,  a  great  need  for  an  internationally  agreed  standard  of  investigation  of 
aviation  deaths.  The  prospect  is  daunting  when  confronted  with  a  hundred  or  more 
bodies.  But  Annex  13  to  the  Convention  on  International  Civil  Aviation  recommends 
that  a  full  autopsy  be  carried  out  on  all  fatalities  and  all  advanced  countries  are 
signatories  of  the  Convention.  If  we  subscribe  to  it,  we  should  surely  act  upon  its 
provisions. 
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